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57 ABSTRACT 
A reproduction equalizer including a linear equalizer 
for linearly equalizing a source signal read from a re 
cording medium, a nonlinear cancellation means for 
cancelling intersymbol-interference (ISIO contained in 
the reproduction signal, a decoder for decoding the ISI 
free signal to reproduce a digital signal prior to storing 
into the recording medium and means for automatically 
calculating and/or updating the ISI data held in the 
nonlinear cancellation means on the basis for the equal 
ized source signal for each address defined by the repro 
duced digital signal. The nonlinear cancellation means 
includes a lookup table storing the ISI data, a circuit for 
generating an address for reading out the ISI data from 
the lookup table, and a circuit for subtracting the ISI 
data read out from the lookup table from the equalized 
Source signal. At an initial stage, the calculation means 
calculates the ISI data, and in a normal operation mode, 
the calculated ISI data is used. 

32 Claims, 15 Drawing Sheets 
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SIGNAL PROCESSING SYSTEM HAVING 
INTERSYMBOL-INTERFERENCE CANCELLING 

MEANS AND METHOD OF SAME 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a signal processing 

system and a method of the same. More particularly, it 
relates to a signal processing system having a linear 
equalizer, an intersymbol-interference cancelling 
means, and a discriminator, which can be applied to, for 
example, a digital data reproduction system such as a 
digital video-signal recording and reproducing appara 
tus (VTR), and a method of the same. 

2. Description of the Related Art 
In digital VTRs or other digital magnetic recording 

and reproducing apparatuses, digital data is converted 
to analog data and recorded on a magnetic recording 
medium such as a magnetic tape by a magnetic head. 
When reproducing the digital data, the source analog 
data is detected from the magnetic recording medium 
and equalized by a filter known as a reproduction equal 
izer to shape its waveform and minimize the intersym 
bol-interference (ISI). As such a reproduction equal 
izer, mention may be made of analog filter comprised of 
a coil (L) or capacitor (C), a transversal filter comprised 
of a plurality of series connected delay lines, each of 
which delays a signal by a predetermined unit time, 
connected in series, and a plurality of coefficient multi 
pliers, or other linear equalizers (LE). The analog data 
linearly equalized by the linear equalizer is applied to a 
discriminator. There, the equalized data is compared 
with threshold data, thereby reproducing the original 
digital data before recorded on the magnetic recording 
medium. 
When using a linear equalizer as a reproduction 

equalizer, however, the linear equalizer operates to 
match the desired frequency characteristics without 
separating the effective signal component and noise 
component included in the analog signal, so it suffers 
from the disadvantage that the noise component is em 
phasized too much. To overcome this disadvantage, a 
trade-off is necessary between the frequency character 
istics of the reproduction equalization circuit and the 
S/N. Adjustment is necessary to minimize the error rate 
of the final digital data reproduced. The following 
methods have been employed for this adjustment. 

In a first method, a Viterbi decoder is employed as 
the reproduction equalizer. Due to the use of a Viterbi 
decoder, maximum use of the S/N of the analog repro 
duction signal is possible before the discrimination. This 
method is known by, for example, Eto et al. “Digital 
Video Recording Technology', Nikkan Kogyo Shim 
bunsha, pp. 72-84. Details will be given below. 

In a Viterbi decoder, n number of states at a certain 
point of time separated by values of the ISI determined 
in advance are defined by a combination of n bits of data 
discriminated prior to that time. Each time one bit 
worth of processing is completed, then number of states 
are updated to the next n number of states. There is a 
history to the n number of states and an estimated se 
quence of likelihood of the previous discriminated val 
ues. Assuming the noise has a Gaussian distribution, the 
estimated likelihood of the n number of states is deter 
mined by the sum up to then of the squares of the differ 
ence between the values of the reproduced signals as 
suming no noise (target values) and the values of the 
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2 
actually reproduced signals. Also, based on the assump 
tion that the n number of states are defined from those 
of all the possible previous states having the greatest 
estimated likelihood, the previous states are updated to 
the next states and the history and estimated sequence of 
likelihood of the discrimination values are also updated. 
If the most likely states are repeatedly changed in this 
way, at a certain stage, the history up to several bits 
before that stage will converge and the discriminated 
values up to then will be conclusively decided. In this 
method, the discrimination is performed making maxi 
mum effective use of the signal power of the repro 
duced data, and thus digital data having an extremely 
low error rate is obtained compared with the usual 
threshold discrimination. Since this Viterbi decoding 
method requires one to calculate the above-mentioned 
total sum of the squares, the size of the circuit to calcu 
late the same becomes larger. In addition, there is still 
the major disadvantage that it is difficult to carry out 
the decoding by the clock of the data rate at a high 
speed, so a multistate Viterbi decoder has not been used 
in digital VTRs etc. 
The simplest example of use of a Viterbi decoder is 

the application to NRZI signal processing. If recording 
and reproducing in an NRZI signal processing system 
and equalizing so that the unit pulse is given a value 
between (1,-1), the number of states can be expressed 
by two values. There is no longer a need for calculation 
of the total sum of squares, therefore it is possible to 
construct the Viterbi decoder simply. Further, if a par 
tial response class IV (PR-IV) signal processing method 
is employed so that data is recorded on the recording 
medium by precoding of a 2-bit delay and (mod2) addi 
tion, the data is then reproduced, and the reproduced 
data is equalized so that the unit pulse is given, a value 
among (1, 0, -1), the resultant data becomes data by 
the NRZI signal processing method if viewing every 
other bit. Therefore, two parallel simple NRZI Viterbi 
decoders may be employed and operated at a speed half 
the data rate. The combination of this PR IV method 
and the Viterbi decoders enables construction of a 
Viterbi decoder practical in terms of both the circuit 
size and operating speed. Therefore, this is becoming 
the general practice in recent digital VTRs. 

Below, a PR IV Viterbi decoder will be also referred 
to as a “VD'. In the VD explained above, assuming 
there is no correlation in the noise and the noise has 
Gaussian distribution, theoretically the S/N may be 
improved by 3 dB compared with threshold discrimina 
tion. However, noise is given correlation by passing 
through the linear equalizer. Also, it is difficult to per 
form equalization in practice according to the PR IV 
standard. Therefore, it is still not possible to realize the 
improvement expected with a Viterbi decoder. 

Below, as a second method, an explanation will be 
made of the use of a nonlinear equalizer as a reproduc 
tion equalizer. In the second method, the intersymbol 
interference (ISI) can be suppressed by using a linear 
canceler (LC) or a nonlinear canceler (NLC) or other 
nonlinear equalizer, without emphasizing the noise. 
Namely, in this method, copies of the ISI determined by 
the combination of the provisionally discriminated val 
ues of the bits of data preceding and succeeding a cer 
tain time are set in advance, are subtracted from the 
output data of the linear equalizer, and then are once 
again discriminated to reproduce the digital data. A 
linear canceler is effective only with regard to linear 
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distortion, while a nonlinear canceler wherein copies of 
the ISI are used is effective with respect to nonlinear 
distortion as well. There are known various methods of 
Constructing a reproduction equalizer using an NLC, 
but a table lookup type nonlinear canceler (NLC) ena 
bles full consideration to be given to the length of the 
ISI caused by the equalization error and further is sim 
ple in circuit construction. 
A table lookup type NLC uses as a lookup table a 

random access memory (RAM) such as a dynamic 
RAM, or a static RAM, in which the ISI data is stored 
in advance, converts the combination of the discrimi 
nated values of several bits of data preceding and suc 
ceeding a certain time, which are discriminated by a 
first threshold discriminator based on the output data of 
the linear equalizer, to an address for the lookup table, 
reads out the value of the ISI from the lookup table at 
the address, subtracts the read data from the equalized 
data, which may be delayed by a predetermined time 
for adjusting the timing of the equalized data and the 
address generation, and performs discrimination again 
by a second threshold discriminator to obtain the digital 
data. 
A reproduction equalizer in which a table lookup 

type NLC is employed will be described in more detail 
with reference to FIG. 1. 
FIG. 1 is a view showing the construction of an ex 

ample of a reproduction equalizer 7. The reproduction 
equalizer 7 includes a linear equalizer 11, a first binary 
discriminator 12, a first delay line 13 comprised of 2n 
unit time delaying elements connected in series, an ISI 
lookup table 14, a second delay line 15 consisting of n 
unit time delaying elements connected in series, a sub 
tractor 16, and a second binary discriminator 17. The 
first binary discriminator 12, the first delay line 13, the 
ISI lookup table 14, the second delay line 15, and the 
subtractor 16 form a table lookup type nonlinear equal 
izer (NLC). The linear equalizer 11 linearly equalizes a 
waveform of an input signal such as analog source data 
read from a magnetic tape in a digital VTR, to provide 
linearly equalized analog data Xk), where k indicates a 
current time at which the input signal is obtained. The 
linearly equalized data Xk is provisionally discrimi 
nated at the binary discriminator 12 to provide provi 
Sional discrimination data Ak of (0 or 1), and also 
delayed by n unit times at the second delay line 15 to 
provide linearly equalized and delayed data Xk), 
where k'indicates a time different from the current time 
k by the n unit times, i.e., k-k-n. The ISI lookup 
table 14 stores copies of ISI data ISI {A} which are 
previously determined when the source analog data 
does not include noise. The provisional discrimination 
data Ak is applied to the first delay line 13 and consec 
utively delayed thereat to output address components 
Ak to Ak-2n each of which consists of one bit and 
which are applied to the address terminals a to a2n, of 
the ISI lookup table 14. Art address {A} consists of the 
address components Ak to Ak-2n and is used to 
read corresponding ISI data ISIA) from the ISI 
lookup table 
The subtractor 16 subtracts the ISI data ISIA) read 

from the ISI lookup table 14 from the linearly equalized 
and delayed analog data X(k) to provide analog data Y 
k' free of ISI. The ISI free analog data Yk) is applied 
to the second discriminator 17 to provide a discrimi 
nated result (final discrimination data) A k" of “1” or 
“0”. In the table lookup type NLR, the first binary 
discriminator 12 and the first delay line 13 function as a 
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4. 
means for generating the address {A}, and the second 
delay line 15 functions as a timing adjustment means for 
adjusting the time of the linearly equalized analog data 
X(k) to the ISI data ISIA}. 
Table 1 shows nomenclatures of the above signals. 

TABLE 1. 
Symbols Meanings 
k current time 
k delay time delayed from k by n unit times 

k" = k - in 
{A} address of 2n bits 

{A} = A(k) + Ak - 1)... + Ak - 2n} 
X(k) linearly equalized data 
X(kT linearly equalized and delayed data 
Ak) provisional discrimination data of (0,1) 
ISIA} intersymbol-interference(ISI) data of 

address {A} 
Yk") ISI free analog data 
Ak') final discrimination data 

The provisional discrimination data Ak} (Ak}=1 
or O) provisionally discriminated by the first binary 
discriminator 12 based on the equalized signal Xk. 
linearly equalized at the linear equalizer 11 becomes the 
address {A} of the lookup table 14 by the 2n-stage delay 
line 13. The address {A} is comprised of 2n bits and is 
determined by the 2n number of provisional discrimina 
tion data Ai}, that is, the (2n+1) number of provi 
sional discrimination data Ai} (i=k, k-1,..., k-2n) 
of the results of the discrimination of the linearly equal 
ized data X(k) before subtraction of the ISI, from which 
the provisional discrimination data Ak (where 
k'=k-n) is removed. To eliminate the ISI caused by 
the combination of the n bits of data preceding and 
succeeding the time k of the provisional discrimination 
data, a RAM (not shown) forming the lookup table 14 
has to have a capacity enabling storage of 22 bits of ISI 
data. The ISI data ISIA} of the address {A} read from 
the lookup table 14 is subtracted from the linearly equal 
ized and delayed data Xk output from the n-stage 
delay line 15 in the computation circuit (subtractor) 16 
to produce the ISI free data Yk'). This data Xk is 
discriminated by the second binary discriminator 17 

and the resultant discrimination data Ak') is used as the 
final discrimination data. 

In the reproduction equalizer 7, the RAM is used for 
the lookup table 14, so the circuit construction is ex 
tremely simple and it is possible to easily realize an 
NLC which can eliminate the ISI data ISIA} when ISI 
data of sufficiently long preceding and succeeding bits 
is considered. However, since it is necessary to store in 
advance into the RAM the ISI data to be adjusted, 
which increases by the 2n power of 2022), when consid 
ering the preceding and succeeding five bits, it is neces 
sary to adjust and set 1024 types of ISI data to the 
lookup table 14. Tremendous work is involved in ad 
justing the bits of the ISI data. Therefore, in practice, 
the limit is about 16 combinations for the two preceding 
bits and two succeeding bits. Full utilization therefore 
could not be made of the merits of the circuit construc 
tion of the reproduction equalizer 7. 

Further, in both of the linear canceler and the nonlin 
ear canceler contained in the reproduction equalizer 7, 
it is a prerequisite that there be little error included in 
the provisional discrimination data since suitable ISI 
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data ISIA} is subtracted from the linearly equalized 
and delayed data Xk. Error is inevitably included in 
the provisional discrimination data Ak). Under actual 
conditions, the expected effect of improvement by the 
nonlinear canceler cannot be achieved. There is still the 
disadvantage of propagation of error. 

In summary, in the reproduction equalization 
method, a linear equalizer, Viterbi decoder (VD), or 
nonlinear canceler is employed, as a reproduction 
equalizer, but, as mentioned above, when a linear can 
celer is used, since the linear equalizer tries to match the 
desired frequency characteristics without separation 
between the effective signal component and the noise 
component contained in the analog signal, there is the 
disadvantage that the noise is emphasized. Further, 
there is the disadvantage that a trade off is necessary 
between the frequency characteristics of the reproduc 
tion equalization circuit and the S/N and adjustment is 
required to minimize the error rate of the final digital 
(discrimination) data. Also, as mentioned above, in the 
method of reproduction equalization using a Viterbi 
decoder as the reproduction equalizer, since the noise is 
given correlation by passing through the linear equal 
izer, it is difficult to equalize in practice by the PR-IV 
standard. Therefore, there is also the disadvantage that 
it is not possible to realize the improvement expected 
with a Viterbi decoder. Further, as mentioned above, in 
the method of reproduction equalization using a nonlin 
ear canceler as the reproduction equalizer, it is neces 
sary to store in advance into the RAM used as the 
lookup table many bits of ISI data. The ISI data to be 
adjusted increases by the 2n power of 2022), so when 
considering the preceding five and succeeding five bits, 
for example, it is necessary to adjust and set 1024 types 
of ISI data. Tremendous work is involved in adjusting 
each type of ISI data. Therefore, in practice the limit is 
about 16 types for the two preceding bits and the two 
succeeding bits. There is further the disadvantage that 
full utilization cannot be made of the merits of the cir 
cuit construction. Further, in both of the linear canceler 
and the nonlinear canceler, it is a prerequisite that there 
be little error included in the provisional discrimination 
data since suitable ISI data is subtracted from the lin 
early equalized and delayed reproduction signal. Error 
is inevitably included in the provisional discrimination 
data, and then, under actual conditions, the effect of 
improvement by the nonlinear canceler is deteriorated 
and it further suffers form the disadvantage of propaga 
tion of error. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
signal processing system including an intersymbol inter 
ference(ISI) cancelling means which does not require 
manual adjustment of ISI data preceding and succeed 
ing a certain time, including initialization, and which 
gives final discrimination data with a high accuracy. 
Another object of the present invention is to provide 

a signal processing system including an ISI cancelling 
means which reduces error included in source analog 
(provisional discrimination) data and minimizes propa 
gation of error included in the source analog data. 

Still another object of the present invention is to 
provide a signal processing system including an ISI 
cancelling means, which reduces the ISI and the corre 
lation of noise and thereby promotes effective utiliza 
tion of the signal power. 
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6 
Yet another object of the present invention is to pro 

vide a signal processing system including an ISI cancel 
ling means, which can be constructed by a simple cir 
cuit structure and give an excellent error rate of final 
discrimination (decoded) data. 

Still another object of the present invention is to 
provide a signal processing system having the above 
objects and features, which is applicable to digital data 
reproduction apparatuses such as digital video-signal 
reproduction apparatuses. 
Yet another object of the present invention is to pro 

vide a signal processing method having the above fea 
tures and providing final discrimination (decoded) data. 
According to the present invention, there is provided 

a signal processing system including: a linear equaliza 
tion means for linearly equalizing an input continuous 
source signal; a nonlinear cancellation means, having a 
memory means which stores intersymbol interference 
among bits in the case of reproduction of a reference 
source signal to a digital signal as a predetermined plu 
rality of intersymbol interference data, for cancelling 
the intersymbol interference included in the linearly 
equalized signal; a decoding means for decoding the 
data output from the nonlinear cancellation means to 
the time series digital data corresponding to the input 
source signal input; and an intersymbol interference 
data updating means for producing new intersymbol 
interference data on the basis of at least the linearly 
equalized signal, and updating the corresponding inter 
symbol interference data in the memory means with the 
produced intersymbol interference data, designated by 
the decoded digital data as the address. 
According to the present invention, there is also pro 

vided a signal processing system including: a linear 
equalization means for linearly equalizing an input con 
tinuous source signal; a nonlinear cancellation means, 
having a memory means which stores intersymbol inter 
ference among bits in the case of reproduction of a 
reference source signal to a digital signal as a predeter 
mined plurality of intersymbol interference data, and 
having means which discriminates by multi-states of at 
least binary values the signal linearly equalized by the 
linear equalization means and produces an address for 
reading out the intersymbol interference data stored in 
the memory means, for cancelling the intersymbol inter 
ference included in the signal linearly equalized in said 
linear equalization means using the intersymbol interfer 
ence data; a decoding means for decoding the data out 
put from the nonlinear cancellation means to the time 
series digital data corresponding to the input source 
signal; and an intersymbol interference data updating 
means, for producing new intersymbol interference data 
on the basis of at least the linearly equalized signal, and 
updating the intersymbol interference data in the mem 
ory means designated by the address produced in the 
address producing means, using the produced interSyn 
bol interference data. 
According to the present invention, there is further 

provided a signal processing system including: a linear 
equalization means for linearly equalizing an input con 
tinuous source signal; a nonlinear cancellation means, 
having a memory means which stores intersymbol inter 
ference among bits in the case of reproduction of a 
reference source signal to a digital signal as a predeter 
mined plurality of intersymbol interference data, and 
having means which discriminates by multi-states of at 
least binary values the signal linearly equalized by the 
linear equalization means and produces an address for 
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reading out the intersymbol interference data stored in 
the memory means, for cancelling the intersymbol inter 
ference included in the signal linearly equalized in the 
linear equalization means using the intersymbol interfer 
ence data, designated by the produced address; a decod 
ing means for decoding the data output from the nonlin 
ear cancellation means to the time series digital data 
corresponding to the input source signal; a means for 
monitoring fluctuations of the linearly equalized signal; 
and an intersymbol interference data updating means, 
for producing new intersymbol interference data on the 
basis of at least the linearly equalized signal, and updat 
ing the intersymbol interference data stored in the mem 
Ory means by the produced intersymbol interference 
data, designated the address which is the address output 
from the address producing means in the nonlinear 
cancellation means when the fluctuations of the linearly 
equalized signal monitored by the monitoring means are 
more than a predetermined value, or the decoded data 
of the decoding means as the address when fluctuations 
in the linearly equalized signal monitored by the moni 
toring means are below a predetermined value. 
The monitoring means monitors the envelope of the 

linearly equalized signal. 
The nonlinear cancellation means includes an address 

producing means which has a first binary value discrim 
ination means which discriminates by binary values the 
linearly equalized signal of the linear equalization mean 
and a first delay means which delays the discriminated 
values by a predetermined time to produce the address 
for the memory means, a timing adjustment means for 
delaying the linearly equalized signal by exactly a time 
corresponding to the delay time until the address is 
produced by the address producing means, and a sub 
traction means which subtracts from the delayed lin 
early equalized signal adjusted in timing by the timing 
adjustment means the intersymbol interference data 
read out from the memory means using the address 
produced by the address producing means, wherein the 
decoding means includes a second binary value discrim 
ination means which discriminates by binary values the 
data output from the subtraction means and produces 
binary value discriminated decoded digital data corre 
sponding to the input source signals. The intersymbol 
interference data updating means produces new inter 
symbol interference data based on the difference be 
tween the timing adjusted delayed linearly equalized 
signal and the target value, uses the binary value dis 
criminated decoded data output from the second binary 
value discrimination means as the address to update the 
interSymbol interference data in the memory means in 
the nonlinear cancellation means using the produced 
intersymbol interference data. 
The timing adjustment means includes a second delay 

circuit which delays the linearly equalized signal by 
exactly n unit times. The second delay means in the 
address producing means includes a delay circuit which 
delays the binary value discriminated data discrimi 
nated by the first binary value discrimination circuit by 
exactly 2n unit times. The intersymbol interference data 
updating means produces new intersymbol interference 
data based on the difference between the delayed lin 
early equalized signal and the target value, and uses the 
decoded digital data as the address to update the corre 
sponding intersymbol interference data in the memory 
means using the produced intersymbol interference 
data. 
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The nonlinear cancellation means includes an address 

producing means comprised of a first ternary discrimi 
nation means which discriminates by ternary the signal 
linearly equalized by the linear equalization means, and 
a partial response class IV decoding means which de 
codes the discriminated value in accordance with par 
tial response class IV rules to produce the address for 
the memory means, a timing adjustment means which 
delays the linearly equalized signal by exactly a time 
corresponding to the delay time until the address is 
produced in the address producing means, and a sub 
traction means which subtracts from the delayed lin 
early equalized signal adjusted in timing by the timing 
adjustment means the intersymbol interference data 
read out from the memory means using the address 
produced by the address producing means. The decod 
ing means includes a second ternary discrimination 
means which discriminates by ternary values the data 
output from the subtraction means, and a second partial 
response class IV decoding means which decodes the 
discriminated data in accordance with the partial re 
sponse class IV rules to produce the digital decoded 
data. The intersymbol interference data updating means 
produces new intersymbol interference data based on 
the difference between the timing adjusted delayed 
linearly equalized signal and the ternary discriminated 
value from the second ternary discrimination means, 
and uses as the address the digital decoded data from 
the second partial response class IV decoding means to 
update the intersymbol interference data in the memory 
means in the nonlinear cancellation means using the 
produced intersymbol interference data. The timing 
adjustment means includes a delay circuit which delays 
the linearly equalized signal by exactly n unit times, and 
the address producing means produces the address of 
(2n-2) bits. 
The nonlinear cancellation means includes a first 

decoding means which determines from the trends in 
the times series linearly equalized signal the most likely 
first digital signal and its state, an address producing 
means comprised of an address generating means which 
produces the address for the memory means based on 
the decoded data and its state, a timing adjustment 
means which delays the linearly equalized signal by 
exactly a time corresponding to the delay time until the 
address is produced by the address producing means, 
and a subtraction means which subtracts from the de 
layed linearly equalized signal adjusted in timing by the 
timing adjustment means the intersymbol interference 
data read out from the memory means using the address 
produced by the address producing means. The decod 
ing means includes a second decoding means which 
determines from the trends in the subtraction results the 
most likely second digital signal and a second state to 
produce the digital decoded data corresponding to the 
input source signal. The intersymbol interference data 
updating means produces new intersymbol interference 
data based on the difference between the timing ad 
justed delayed linearly equalized signal and the decoded 
state output from the second decoding means, and uses 
as the address the digital decoded data from the second 
decoding means to update the intersymbol interference 
data in the nonlinear cancellation means using the pro 
duced intersymbol interference data. Preferably, the 
first decoding means comprises a Viterbi decoding 
means, and the second decoding means comprises a 
Viterbi decoding means. The timing adjustment means 
comprises a delay circuit which delays the linearly 
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equalized signal (Xk)) by exactly (n-1-m) unit times, 
and the address generating means produces the address 
of (2n+2) bits. 
The memory means in the nonlinear cancellation 

means and the intersymbol interference data updating 
means are comprised of a single writable and readable 
memory means and a program computation means. The 
writable and readable memory means functions as a 
temporary storage means of the memory means storing 
intersymbol interference data in the nonlinear cancella 
tion means and the intersymbol interference data updat 
ing means. The program computing means 

(1) initializes the intersymbol interference data in the 
writable and readable memory means and provi 
sional intersymbol interference data at the initiation 
stage of the signal processing system, 

(2) uses the decoded binary value discriminated data 
as the address each time the decoded binary value 
discriminated data is produced in a binary value 
discrimination. circuit serving as the decoding 
means, calculates the difference between the de 
layed linearly equalized signal and the target value 
for each address, and adds the calculated value to 
the provisional intersymbol interference data to 
update the provisional intersymbol interference 
data, and 

(3) after updating the provisional intersymbol inter 
ference data by exactly a predetermined number of 
times for the address, uses the sum of the value 
obtained by dividing the intersymbol interference 
data by a first coefficient and the value obtained by 
dividing the provisional intersymbol interference 
data by a second coefficient M as the new inter 
symbol interference data and stores the same in the 
address portion defined by the address in the writ 
able and readable memory means. 

The intersymbol interference data is updated for all 
addresses, the nonlinear cancellation means is validated, 
and the signal processing system is made to operate. 

After the signal processing system is made to operate, 
each time the decoded binary value discriminated data 
is produced in the binary value discrimination circuit 
serving as the decoding means, the difference between 
the delayed linearly equalized signal and the target 
value is calculated, the decoded binary value discrimi 
nated data is used as the address, and the value calcu 
lated for all the addresses are added to the provisional 
intersymbol interference data stored in the writable and 
readable memory means to update the provisional inter 
symbol interference data. And after the provisional 
intersymbol interference data is updated a predeter 
mined number of times, the sum of the value obtained 
by dividing the intersymbol interference data by a third 
coefficient and the value obtained by dividing the pro 
visional intersymbol interference data by a fourth coef 
ficient is used as the new intersymbol interference data, 
and the storage portion defined by the address in the 
writable and readable memory means is updated. 
The memory means in the nonlinear cancellation 

means and the intersymbol interference data updating 
means may be comprised of first and second and parallel 
operable writable and readable memory means which 
store the intersymbol interference data designated by 
odd addresses and the intersymbol interference data 
designated by even addresses, and program computa 
tion means, and the first and second writable and read 
able memory means function as the memory means for 
storing the intersymbol interference data in the nonlin 
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10 
ear cancellation means and a temporary storage means 
of the intersymbol interference data updating means. 
The program computing means 

(1) initializes the intersymbol interference data in the 
writable and readable memory means and corre 
sponding provisional intersymbol interference data 
at the initiation stage of the signal processing Sys 
ten, 

(2) uses the decoded binary value discriminated data 
as the address each time the decoded binary value 
discriminated data is produced in the binary value 
discrimination circuit serving as the decoding 
means, calculates the difference between the de 
layed linearly equalized signal and the target value 
for each address for the first writable and readable 
memory means when the address is odd and for the 
second writable and readable memory means when 
the address is even, and adds the calculated value 
to the provisional intersymbol interference data to 
update the provisional intersymbol interference 
data, and 

(3) after updating the provisional intersymbol inter 
ference data by exactly a predetermined number of 
times for the address, uses the sum of the value 
obtained by dividing the intersymbol interference 
data by a first coefficient and the value obtained by 
dividing the provisional intersymbol interference 
data by a second coefficient as the new intersymbol 
interference data, and stores it in the address por 
tion defined by the address in the corresponding 
writable and readable memory means. 

After the intersymbol interference data are updated 
for all addresses, the nonlinear cancellation means is 
validated and the signal processing system is made to 
operate. The nonlinear cancellation means reads out 
corresponding a pair of intersymbol interference data 
from the first and second writable and readable memory 
means for the address and uses the intersymbol interfer 
ence data obtained by averaging the read out intersym 
bol interference data to cancel the intersymbol interfer 
ence contained in the linearly equalized signal. 

After the signal processing system is made to operate, 
each time the decoded binary value discriminated data 
is produced in the binary value discrimination circuit 
serving as the decoding means, the decoded binary 
value discriminated data is used as the address, the dif 
ference between the delayed linearly equalized signal 
and the target value is calculated for the address for the 
first writable and readable memory means when the 
address is odd and for the second writable and readable 
memory means when the address is are even, adds the 
value calculated to the provisional intersymbol interfer 
ence data, and updates the provisional intersymbol in 
terference data. And after the provisional intersymbol 
interference data is updated a predetermined number of 
times, the sum of the value obtained by dividing the 
intersymbol interference data by a third coefficient and 
the value obtained by dividing the provisional intersym 
bol interference data by a fourth coefficient is used as 
the new intersymbol interference data, and the storage 
portion defined by the address for the writable and 
readable memory means is updated with respect to the 
first or second writable and readable memory means in 
accordance with if the address is odd or even. 
According to the present invention, there is provided 

a signal processing system including; a linear equaliza 
tion means for linearly equalizing an input continuous 
source signal; a nonlinear cancellation means, having a 
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memory means which stores intersymbol interference 
among bits in the case of reproduction of a reference 
Source signal to a digital signal as a predetermined plu 
rality of intersymbol interference data, and a first de 
coding means which determines from the trends of the 
signal linearly equalized by the linear equalization 
means the most likely first digital signal and its state, 
and having a means which produces an address for 
reading out intersymbol interference data stored in the 
memory means, for cancelling the intersymbol interfer 
ence included in the signal linearly equalized in the 
linear equalization means using the intersymbol interfer 
ence data; and a second decoding means for determin 
ing the most likely second digital signal and a second 
state, from the time trends in the output data of the 
nonlinear cancellation means, and outputting the sec 
ond digital signal as the reproduced discriminated sig 
nal. Preferably, the first decoding means comprises a 
Viterbi decoding means, and the second decoding 
means comprises a Viterbi decoding means. 
The signal processing system further includes an 

intersymbol interference data updating means for pro 
ducing new intersymbol interference data on the basis 
of at least the linearly equalized signal, and updating the 
corresponding intersymbol interference data of the 
memory means by the produced intersymbol interfer 
ence data by using the decoded digital data as an ad 
dress. The intersymbol interference data updating 
means for producing new intersymbol interference data 
based on the difference between the linearly equalized 
signal and the Viterbi decoded state from the second 
Viterbi decoding means, and updating the intersymbol 
interference in the memory means in the nonlinear can 
cellation means by said produced intersymbol interfer 
ence data on the basis of the digital decoded signal from 
the second Viterbi decoding means as the address. 
The nonlinear cancellation means and the second 

Viterbi decoding means, each comprising a plurality of 
unit circuit means including, an address generating 
means, a memory means which stores the intersymbol 
interference data, a timing adjustment means which 
delays the linearly equalized signal by exactly a time 
until the address is produced, a subtraction means 
which subtracts from the delayed linearly equalized 
signal output from the timing adjustment means the 
intersymbol interference data read out from the mem 
ory means, and a Viterbi decoding means which Viterbi 
decodes the output data of the subtraction means. The 
address means in the first stage of the unit circuit means 
uses the output data of the first Viterbi decoding means 
to generate the address, the output data of the Viterbi 
decoding means in a certain stage of the unit circuit 
means is applied as input data of the address generating 
means in the next stage of the unit circuit means, the 
output data of the timing adjustment means in a certain 
stage of the unit circuit means is applied as input data of 
the timing adjustment means in the next stage of unit 
circuit, the Viterbi decoding means in the last stage of 
the unit circuit means functions as the second Viterbi 
decoding means, and the intersymbol interference data 
updating means updates the intersymbol interference 
data stored in the memory means in the plurality of unit 
circuit means. 
According to the present invention, there is also pro 

vided a signal processing system including: a linear 
equalization means for linearly equalizing an input con 
tinuous signal and outputting time series linearly equal 
ized signals a delay means for delaying the linearly 
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12 
equalized signal by a predetermined time and produces 
delayed linearly equalized signals; an intersymbol inter 
ference data holding means having a memory which 
stores intersymbol interference among bits in the case of 
reproduction of a reference source signal as a predeter 
mined plurality of intersymbol interference data; a first 
binary value discrimination means for discriminating by 
binary values the linearly equalized signal, converting 
the same to a digital signal, and producing a first dis 
crimination result; an address producing means for pro 
ducing an address for reading out the corresponding 
intersymbol interference data stored in the intersymbol 
interference data holding means from the data discrimi 
nated by the first discrimination means; a subtraction 
means for subtracting from the delayed linearly equal 
ized signal the read out intersymbol interference data; a 
second binary value discrimination means for discrimi 
nating by binary values the subtraction results and re 
producing a digital signal corresponding to the input 
source signal, and an intersymbol interference data up 
dating means for producing new intersymbol interfer 
ence data by using the delayed linearly equalized signal 
and the first discriminated value or second discrimi 
nated value, and updating the intersymbol interference 
data held in the intersymbol interference data holding 
means using the produced intersymbol interference 
data. 
According to the present invention, there is further 

provided a signal processing system includings a linear 
equalization means for linearly equalizing an input con 
tinuous signal, and outputting time series linearly equal 
ized signal; an intersymbol interference data holding 
means having a memory which stores intersymbol inter 
ference among bits in the case of a reproduction of 
reference source signal as a predetermined plurality of 
intersymbol interference data; a first ternary discrimina 
tion means discriminating the ternary values of the 
linearly equalized signal and producing a first discrimi 
nation result; a first partial response class IV decoding 
means for decoding the discriminated value of the ter 
nary discrimination means by the partial response class 
IV method, and producing an address for reading out 
the intersymbol interference data stored in the intersym 
bol interference data holding means; a delay means for 
delaying the linearly equalized signal by a predeter 
mined time and producing a delayed linearly equalized 
signal; a subtraction means for subtracting from the 
delayed linearly equalized signal the intersymbol inter 
ference data read out from the intersymbol interference 
data holding means; a second ternary discrimination 
means for discriminating the ternary values of the sub 
traction results; a second partial response class IV de 
coding means for decoding the ternary discriminated 
values by the partial response class IV method, and 
reproducing a digital signal; and an intersymbol inter 
ference data updating means for producing new inter 
symbol interference data by using the delayed linearly 
equalized signal and the target value, and updating the 
intersymbol interference data held in the intersymbol 
interference data holding means using the produced 
intersymbol interference data, by an address which is 
the output data of the second partial response class IV 
decoding means. 
According to the present invention there is provided 

a signal processing method, including the steps of re 
cording in a memory means intersymbol interference 
among bits in the case of reproduction of a reference 
source signal to a digital signal as a predetermined plu 
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rality of intersymbol interference data; linearly equaliz 
ing an input continuous source signal; cancelling the 
intersymbol interference included in the linearly equal 
ized signal using the intersymbol interference data; de 
coding from the data from which the intersymbol inter 
ference was cancelled the time series digital data corre 
sponding to the input source signal; producing new 
intersymbol interference data using at least the linearly 
equalized signal; and using as an address the decoded 
digital data and updating the corresponding intersym 
bol interference data in the memory means with the 
produced intersymbol interference data. 
According to the resent invention, there is also pro 

vided a signal processing method, including the steps of 
recording in a memory means intersymbol interference 
among bits in the case of reproduction of a reference 
source signal to a digital signal as a predetermined plu 
rality of intersymbol interference data; linearly equaliz 
ing an input continuous source signal; discriminating by 
a multi-state of a binary value or more the linearly 
equalized signal and producing an address for reading 
out the intersymbol interference data stored in same 
memory means; cancelling the intersymbol interference 
included in the linearly equalized signal using the inter 
symbol interference data; decoding from the data from 
which the intersymbol interference was cancelled the 
time series digital data corresponding to the input 
source signal; producing new intersymbol interference 
data using at least the linearly equalized signal; and 
updating the intersymbol interference data in the mem 
ory means designated by the produced address using the 
produced intersymbol interference data. 
According to the present invention, there is further 

provided a signal processing method, including the 
steps of; recording in a memory means intersymbol 
interference among bits in the case of reproduction of a 
reference source signal to a digital signal as a predeter 
mined plurality of intersymbol interference data; lin 
early equalizing an input continuous source signal; dis 
criminating by a multi-state of a binary value or more 
the linearly equalized signal and producing an address 
for reading out the intersymbol interference data stored 
in the memory means; cancelling the intersymbol inter 
ference included in the linearly equalized signal using 
the intersymbol interference data; decoding from the 
data from which the intersymbol interference was can 
celled the time series digital data corresponding to the 
input source signal; monitoring fluctuations of the lin 
early equalized signal; producing new intersymbol in 
terference data using at least the linearly equalized sig 
nal; and using this for the produced address when the 
fluctuations of the linearly equalized signal monitored 
are more than a predetermined value, using the decoded 
data as the address when fluctuations in the linearly 
equalized signal monitored are below a predetermined 
value, and updating the intersymbol interference data 
stored in the memory means by the produced intersym 
bol interference data. 
According to the present invention, there is provided 

a signal processing method, including the steps of stor 
ing in a memory means intersymbol interference among 
bits in the case of reproduction of a reference source 
signal to a digital signal as a predetermined plurality of 
intersymbol interference data; linearly equalizing an 
input continuous source signal; first decoding of deter 
mining from the trends of the linearly equalized signal 
the most likely first digital signal and its state; produc 
ing the address for reading out intersymbol interference 

10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

14 
data stored in the memory means from the first decoded 
data; cancelling the intersymbol interference included 
in the linearly equalized signal in the linear equalization 
means using intersymbol interference data; and Second 
decoding of determining from the time trends of the 
cancelled output data the most likely second digital 
signal and its second state and outputting the second 
digital signal as the reproduced discriminated signal. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The above objects and features and other objects and 

features of the present invention will be described in 
more detail with reference to the accompanying draw 
ings, in which: 
FIG. 1 is a view showing the construction of a repro 

duction equalizer; 
FIG. 2 is a view showing the construction of a repro 

duction equalizer of a first embodiment in accordance 
with the present invention; 
FIG 3 is a view showing the construction of an ISI 

calculation circuit included in the reproduction equal 
izer shown in FIG. 2; 
FIG. 4 is a flow chart explaining the initialization and 

updating of ISI data in the ISI calculation circuit shown 
in FIGS. 3; 
FIG. 5 is a view showing the construction of another 

ISI calculation circuit, modified from the ISI calcula 
tion circuit shown in FIG.3, as a second embodiment of 
the present invention; 
FIG. 6 is a flow chart explaining the initialization and 

updating of ISI data in the ISI calculation circuit shown 
in FIG. 5; 
FIG. 7 is a flow chart explaining the reading of the 

ISI data in the ISI calculation circuit shown in FIG. 6; 
FIG. 8 is a view showing the construction of a repro 

duction equalizer of a third embodiment in accordance 
with the present invention, 
FIG. 9 is a view showing the construction of a repro 

duction equalizer of a fourth embodiment in accordance 
with the present invention; 
FIG. 10 is a view showing an example of the relation 

ship of three-state provisional discrimination data Bk), 
a PR-IV decoded provisional discrimination value 
Ak), and a (2n+2) bit address (A} taking as an example 
n=3 in the fourth embodiment of the present invention; 
FIG. 11 is a graph showing the error rate when re 

cording a 511 cycle M series in an experimental digital 
VTR, performing AD conversion of the signal before 
equalization at a high speed and fetching it into a com 
puter, equalizing to the PR-IV standard by a 3 to 15 tap 
transversal filter, and comparing the discrimination 
value with the recording data; 
FIG. 12 is a view showing the construction of a re 

production equalizer of a fifth embodiment in accor 
dance with the present invention; 

FIG. 13 is a view showing the construction of a re 
production equalizer of a sixth embodiment in accor 
dance with the present invention; 
FIG. 14 is a view showing the construction of a re 

production equalizer of a seventh embodiment in accor 
dance with the present invention; 

FIG. 15 is a view showing the construction of a com 
ponent of the reproduction equalizer shown in FIG. 14; 
and 
FIG. 16 is a graph showing the error rate when re 

cording a 511 cycle M series in an experimental digital 
VTR, performing AD conversion of the signal before 
equalization at a high speed and fetching it into a com 
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puter, equalizing to the PR-IV standard by a 3 to 15 tap 
transversal filter, and comparing the discrimination 
value with the recording data. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the present invention will be 
described with reference to FIG. 2 to FIG. 4. 

FIG. 2 is a view showing the construction of a repro 
duction equalizer 1 of the present invention, which can 
be applied in a digital VTR. The reproduction equalizer 
I includes a linear equalizer 11, a first binary discrimina 
tor 12, a first delay line 13 formed by 2n unit time delay 
ing elements, an ISI lookup table 14 storing intersym 
bol-interference (ISI) data ISIA, a second delay line 
15 formed by n unit time delaying elements, a subtractor 
(a computation circuit) 16, and a second binary discrim 
inator 17. The reproduction equalizer I further includes 
an ISI calculation circuit 18. The circuits 11 to 17 are 
substantially identical to those in FIG. 1. Thus, the 
reproduction equalizer 1 is comprised of the reproduc 
tion equalizer 7 of FIG. 1 plus the ISI calculation circuit 
18. The ISI calculation circuit 18 has the function of 
calculating and updating the ISI data from the linearly 
equalized and delayed analog data Xk of the linear 
equalizer 11 after passing through the n-stage second 
delay line 15 and the final discrimination data Ak). 
The linear equalizer 11 is comprised of an analog 

filter etc. and shapes the waveform of the source analog 
signal, which is read from a magnetic tape, for example, 
as an input signal. The first binary discriminator 12 
discriminates the data X(k) output from the linear equal 
izer 11 to provide the provisional discrimination data 
Ak). The 2n-stage delay line 13 delays the data Akby 
2n unit times and produces an address {A} of 2n bits for 
the lookup table 14. The lookup table 14 is formed by a 
memory circuit which is comprised of a RAM and its 
peripheral circuits and stores the ISI data ISIA). The 
n-stage delay line 15 delays the data Xk output from 
the linear equalizer 11 and applies it to the computation 
circuit 16 and the ISI calculation circuit 18. The compu 
tation circuit 16 subtracts the ISI data ISIA), of the 
addressA} output from the lookup table 14, from the 
delayed equalized data Xk output from the n-stage 
delay line 15. A second binary discriminator 17 discrim 
inates the data Yk output from the computation cir 
cuit 16 and outputs the final discrimination data Ak). 
The reproduction equalizer 1 includes the linear 

equalizer 11 as a linear equalization means, a nonlinear 
equalization means consisting of the first binary discrim 
inator 12, the first delay line 13, the ISI lookup table 14, 
the second delay line 15, the computation circuit 16, and 
the ISI calculation circuit 18, and the second binary 
discriminator 17 as a discrimination means. In the non 
linear equalization means, the first binary discriminator 
12 and the first delay line 13 function as an address 
generation means, and the second delay line 15 func 
tions as a timing adjustment means. The meaning of the 
signals and symbols k, k", Xk), Xk, Ak), A k"), 
ISIA, and Yk' are summarized in the above Table 1. 
FIG. 3 is a view showing the construction of the ISI 

calculation circuit 18. The circuit 18 consists of a RAM 
180, a ROM 181, a CPU 182, and a bus 183. The RAM 
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ROM 181 stores programs for calculating the tempo 
rary ISI data LISIA, the address generation data 
N{A}, and the ISI data ISIA'. The CPU 182 carries 
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out the actual calculation on the basis of programs 
stored in the ROM 181. 
An explanation will be made of the method of calcu 

lation of the ISI data in the ISI calculation circuit 18 
with reference to the flow chart of FIG. 4. 

First, at steps S01 to S04, all the ISI data ISIA, the 
temporary ISI values LISIA, and the number of 
times N{A} of generation of the address {A} in the 
RAM 180 are initialized (cleared) to zero for all ad 
dresses {A}. That is, 
ISI-A =0 

Here, the address determined by the 2n number of 
discrimination data A' j] (j=k", k'-1, . . . , k'-2n) 
except for the discrimination data A'k'-n) is used as 
the address {A} and differentiated from the address 
{A} determined by the 2n number of provisional dis 
crimination data Ai) (i=k, k-1,..., k-2n) except the 
provisional discrimination data Ak. For convenience 
of explanation, the amplitude of the linearly equalized 
data Xk) of the linear equalizer 11 is normalized be 
tween -1 and +1 and discriminated as 1 and 0 with 
the threshold of 0. If the target value B'k) = 1 is made 
to correspond to the discrimination value Ak=1 and 
the target value B'k= -1 is made to correspond to the 
discrimination value Ak=0, then the target value 
B'k)=1 becomes the target value of the linearly 
equalized data Xk of the linear equalizer 11, SO 
(X(k)-B(k) becomes the ISI value ISIA) at a cer 
tain instant k. 
At steps S05 to S07, when a new final discrimination 

data A'k' is obtained, the difference between the pro 
visional discrimination data Xk'-n) and the target 
value B'k'-n) is added as the ISI data ISIA) at a 
certain instant (k'-n) to the temporary ISI data LISI 
{A} of the corresponding address (A'), and the nun 
ber of times NA} of generation of the address (A} is 
increased by one. That is, the contents stored in the 
RAM 180 are updated in the manner of 

Next, at steps S07 to S09, when the temporary ISI 
data LISIA'} of a certain address is added a number a 
times M set in advance, the provisional ISI data ISIA) 
is divided by the number of times M of addition of the 
address to calculate the average value of the temporary 
ISI data LISI-A", the data LISIA and the ISI data 
ISIA' stored in the RAM 180 are added and the aver 
age value obtained, the resultant value is newly stored 
into the RAM 180, and the number of times NA} of 
generation of the address (A') is cleared to zero. That 
is, the contents stored in the RAM 180 are changed in 
the manner of 

ISI-A". 
2 

LISIA'} 
ISIA) = 2M 

Here, the average value of the temporary ISI data 
LISIA and the value of the ISI data ISIA in the 
RAM 180 are added by the same ratio of 0.5:0.5 to 
obtain the average, but the ratio may be any one so long 
as a:(1-a). Then, the ISI data IsIA'} is obtained by 
the following formula: 
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ISIA} LISIA) 
ISIA'} = O -- - ex 

Further, when the speed of operation of the RAM 5 
180 is slow and the reading and writing of the ISI data 
ISIA} are not possible in a single clock interval, the 
temporary ISI value LISIA and the number of times 
N{A} of generation of the address {A} are updated 
only in the period when a rotation head (not shown) of 10 
the digital VTR and the magnetic tape (not shown) are 
in contact. It is sufficient to update the ISI data ISIA 
and write it in the RAM 180 while the head and tape are 
not in contact. 
With the above-mentioned extremely simple calcula 

tion, it is possible to automatically produce the neces 
sary ISI data ISIA'. 
Note that in the beginning all the ISI data ISIA} is 

Zero, so the same thing as the provisional discrimination 
data Akl produced by the linear equalizer 11 is output 
for the final discrimination data Ak). Therefore, it is 
not possible to obtain the effect of the first reproduction 
equalizer i until the ISI data ISIA is updated several 
times. Also, when a large number of errors are included 
in the original reproduction data as the input signal, in 
other words, the provisional discrimination data Ak) 
produced by the linear equalizer 11, it is not possible to 
read out the suitable ISI data ISIA) and eliminate the 
same, so use of a linear equalizer 11 adjusted well to a 
certain degree is necessary for the first reproduction 
equalizer 1. However, this does not become a new de 
fect caused by the present invention. Rather, the merit 
is greater from the lack of need for initialization. It goes 
without saying that when there is previous ISI data, 
that may be used as the initial value of the ISIA. 
The ISI data ISIA} obtained by the above-men 

tioned method by the ISI calculation circuit 18 is used 
in the first reproduction equalizeri for discrimination of 
the reproduction signal by a method the same as ex 
plained with reference to the reproduction equalizer 7 
in FIG. 1. Namely, the generated ISI data ISIA'} is 
subtracted from the linearly equalized and delayed data 
Xk at the computation circuit 16 to cancel the ISI 
contained in the data Xk'), and ISI free analog data 
Yk" is discriminated at the second discriminator 17 to 
provide the final discrimination data A'k' with a high 
accuracy. The final discrimination data A'k' may be 
used for updating the ISI data ISIA in the ISI calcu 
lation circuit 18. 
As will be clearly appreciated from the above de 

scription, strictly speaking, on one hand, the RAM 180 
is used as the ISI lookup table 14 and, on other hand, the 
RAM 180 functions as a memory for temporarily stor 
ing the data ISIA, LISIA, and NA. The RAM 
180, the ROM 181, the CPU 182, and the bus 183 func 
tion as the ISI calculation circuit 18 and the ISI lookup 
table 
The method of production of the ISI data ISIA by 

the ISI calculation circuit 18 explained in the first em 
bodiment is used as the basic method of ISI generation. 
In this basic method, use is made of the result of the ISI 
free analog data Yk of the computation circuit 16 
after subtraction of the ISI data ISIA, that is, the 
final discrimination data A'k', to calculate the ISI data 
ISIA) at a certain instant k". Further, the 2n bit ad 
dress {A} is determined by the 2n number of discrimi 
nation values Aj (j=k', k-1, . . . k-2n) except the 
discrimination value Ak-n) to produce the ISI data 
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ISIA which is then stored into the lookup table 14. 
The ISI data ISIA of the 2n bit address {A}, desig 
nated by the 2n number of provisional discrimination 
data Ai (i=k, k-1,..., k-2n) except the provisional 
discrimination data Ak), is read out and subtracted 
from the signal Xk"). 
A second embodiment of the present invention will 

be described with reference to FIG. 5 to FIG. 7. The 
method of determination of the ISI data in the second 
embodiment explained below is a modification of the 
above basic method. 
The ISI calculation circuit 18 and the ISI lookup 

table 14 are formed by the RAM180, the ROM 181, the 
CPU 182, the bus 183, and an additional RAM 184, as 
shown in FIG. 5. The RAMs 180 and 184 store first ISI 
data ISIA+} and second ISI data ISIA-3 and oper 
ate in parallel. 

In FIG. 6, at step $11, the CPU182 initializes the data 
in the RAMs 180 and 184 in the same way as the initial 
ization at steps S01 to S04 in FIG. 4. When a new final 
discrimination data A'k) is obtained at the second dis 
criminator 17 (step S12), the CPU 182 determines 
whether or not the data A'k is zero (step S13) and 
calculates the ISI data ISIA-- (steps S14 to S17) or 
the ISI data ISIA- (steps S18 to S21). Namely, the 
(2n+1) bit address {A} is determined by the (2n+1) 
number of final discrimination data A'j (j=k, k- 1, . 
. . , k'-2n) except the final discrimination data 
Ak'-n) to produce the ISI data which is then written 
into the lookup table 14. 

In FIG. 7, when reading this out, two sets of data, the 
ISI data ISIA-- when the provisional discrimination 
data Ak= 1 in the case of provisional discrimination 
data Ai) (i=k, k-1,..., k-2n) except the provisional 
discrimination data Ak) and the ISI data ISIA-} 
when the provisional discrimination data Ak=0, are 
simultaneously read out. The two ISI data ISIA--} 
and ISIA-} are averaged and then the result is sub 
tracted from the linearly equalized and delayed data 
Xk). 

In this case, two RAMs 180 and 184 for storing 22 
bits of ISI data ISIA-|-} and ISIA-) are prepared 
and arranged in parallel. These are used when produc 
ing the ISI data in accordance with when the corre 
sponding final discrimination data Ak') is “1” or “0”. 
In this method, the size of the circuit becomes larger, 
but the reliability of the ISI data is improved. 
A third embodiment of the present invention will be 

described with reference to FIG. 8. 
FIG. 8 is a view showing the construction of a repro 

duction equalizer 2 of the present invention. The por 
tions of the reproduction equalizer 2 are the same as the 
portions of the reproduction equalizer 1 given the same 
references. 

In the construction of the reproduction equalizer 1 
shown in FIG. 2, use is made of the final discrimination 
data A'k', obtained by discrimination of the ISI free 
analog data Yk of the computation circuit 16, to pro 
duce the ISI data ISi(A') at the ISI calculation circuit 
18. This is, in general, because the final discrimination 
data Ak' of the second binary discriminator 17 is 
higher in reliability than the provisional discrimination 
data Ak) of the first binary discriminator 12. However, 
when there are many faults in the magnetic tape in the 
VTR or when envelope fluctuations of final discrimina 
tion data Akare large, sometimes the results Yk of 
output of the nonlinear canceler may become lower in 
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reliability. In such a case, if the ISI data ISIA is 
produced from the results A'k' of discrimination of the 
ISI free analog data Yk of the computation circuit 16, 
when the signal Yk of the computation circuit 16 
starts to be unsuitable in value, the ISI data ISIA 
calculated at the ISI calculation circuit 18 may not be 
converged. 

Therefore, in the reproduction equalizer 2, use is 
made of the provisional discrimination data Ak which 
is discriminated from the linearly equalized reproduc 
tion data Xk of the linear equalizer 11, instead of the 
final discrimination data A'k), for the production of 
the ISI data ISIA}. The computation of the ISI data in 
the ISI calculation circuit 18 is the same as that of FIG. 
4. For the reproduction equalizer 2 explained above, 
naturally it is possible to use both of the basic method of 
the first embodiment and the method of the second 
embodiment for calculating the ISI data ISIA in the 
ISI calculation circuit 18. 
From the same thinking, the construction of the re 

production equalizer 2 is made similar to that of the 
reproduction equalizer I shown in FIG. 2. 
The envelope of the equalized reproduction data Xk) 

is constantly monitored at the monitoring means 30, and 
if the envelope becomes defective, the calculation of the 
LISIA} may be stopped. Further, it is also possible to 
use an ECC circuit (not shown) which can be provided 
at a succeeding stage of the reproduction equalizer 2 to 
sense when the error rate deteriorates and stop the 
calculation of the LISIA during that period. 

Also, instead of stopping the calculation of the LISI 
{A}, it is possible to switch the constructions of the 
reproduction equalizer 1 and the reproduction equalizer 
2. Alternatively, both the provisional discrimination 
data Ak and the final discrimination data A'k) as 
shown in a dotted line can be input to the ISI calcula 
tion circuit 18, and the ISI calculation circuit 18 can 
calculate the ISI data ISIA' by using the provisional 
discrimination data Ak) and the linearly equalized and 
delayed data Xk when the data Xk) monitored by the 
monitoring means 30 is not defective, or using the final 
discrimination data Ak' and the data Xk when the 
envelope of the data Xk) monitored by the monitoring 
means 30 is defective. 
When the error rate continues to deteriorate, it is 

effective to clear all the ISI data of the lookup table 14 
OECe, 

A fourth embodiment of the present invention will 
next be described. 

In the embodiments explained above, the binary dis 
criminators 12 and 17 are used to discriminate the data 
as the values of “1” and '0'. In the fourth embodiment, 
the application of the reproduction equalizer 1 and the 
reproduction equalizer 2 to the partial response class IV 
(PR-IV) method is considered as an example of applica 
tion of the reproduction equalizer 1 and the reproduc 
tion equalizer 2. 
FIG. 9 is a view showing the construction of a repro 

duction equalizer 3 of the present invention. 
A reproduction equalizer 3 includes the linear equal 

izer 11, a first ternary discriminator 21, a first PR-IV 
decoder 23, the ISI lookup table 14, the delay line 15, 
the computation circuit (subtractor) 16, an ISI calcula 
tion circuit 18B, a second ternarydiscriminator 22, and a 
second PR-IV decoder 24. The linear equalizer 11, the 
ISI lookup table 14, the delay line 15, and the computa 
tion circuit 16 are substantially identical to those in 
FIG. 2. The first ternarydiscriminator 21 and the first 
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20 
PR-IV decoder 23 function as an address generation 
means and provide an address {A} of (2n+2) bits. The 
first ternarydiscriminator 21, the first PR-IV decoder 
23, the ISI lookup table 14, the delay line 15, and the 
computation circuit 16 function as a nonlinear canceler. 
Table 2 shows the nomenclatures of the signals in 

FIG. 9. 

TABLE 2 
Symbols Meanings 
k current time 
k delay time delayed from k by n unit times 

k = k - in 
{A} address of (2n + 2) bits for the table 14 

(RPIV decoded discrimination data) 
XIk linearly equalized data 
Xk') linearly equalized and delayed data 
Bk) provisional ternary discrimination data of 

(1,0,-1) 
Bk semi-final ternary discrimination data of 

(1,0,-1) 
ISIA} intersymbol-interference(ISI) data of 

address(A} 
Yk") ISI free analog data 
Ak') final discrimination data 
{A} address for the ISI calculation circuit 

In a PR-IV method, recording is performed after 
precoding the recording data by addition of a 2 bit delay 
(mod2). The linear equalizer 11 is used to equalize the 
source analog data read from the magnetic tape so that 
the response of the above data to a unit pulse becomes 
“1”, “0”, “-1, the resultant linearly equalized repro 
duction data Xk is discriminated as a provisional dis 
crimination data Bk) comprised of “1”, “0”, or "-1" 
using -0.5 as a threshold, and then data of 1 and -1 are 
decoded to 1, and 0 to 0, to thereby produce the provi 
sional discrimination data Ak). 

In the first embodiment or the second embodiment, if 
the address is determined using as is 2n-1 number of 
provisional discrimination data Bk) based on the calcu 
lation of the ISI data, since the data Bk has three state 
values, there are 32n+1 combinations. In the case of the 
PR-IV method, however, it is possible to consider the 
odd number series and the even number series to be 
independent NRZIs. Therefore, in addition to the 
22nt combinations after decoding to the binary values 
1 and 0, consideration may be given to the NRZI states 
of the odd number series and the even number series 
(two states each of 1 or 0). If the non-0 value of the prior 
odd number bit closest to the bit in question is -1, it is 
considered that (Aodd=0), while if it is 1, it is consid 
ered that (Aodd = 1). Similarly, if the non-0 value of the 
prior even number bit closest to the bit in question is 
-1, it is considered that (Aeven=0) and if 1, that 
(Aeven = 1). By the method explained above, there are 
239 combinations generated by the (2n+1) number of 
provisional discrimination data. The provisional dis 
crimination data Bk) is discriminated again, so if this is 
ignored, the result is a (2n-1-2) bit address. 
FIG. 10 shows an example of the relationship of the 

provisional discrimination data Bk), the provisional 
discrimination data Ak, and the (2n+2) bit address 
{A} taking as an example the case of n=3. 
The reproduction equalizer 3 has a construction simi 

lar to the reproduction equalizer 1 shown in FIG. 2. To 
apply the reproduction equalizer i to the PR-IV 
method, it is necessary to add the first PR-IV decoder 
23 for generating the 2n+2bit address {A} from the 
combination of the provisional discrimination data Bk 
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as mentioned above. That is, the reproduction equalizer 
3 differs from the reproduction equalizer 1 in that it has 
the two ternary discriminators 21 and 22 and the two 
PR-IV decoders 23 and 24. Note that as the target value 
of the data Xk), the discrimination data B'k) is used as 
1S. 

The first ternary discriminator 21 provisionally dis 
criminates the linearly equalized reproduction data Xk. 
output from the linear equalizer 11, by three-state 
threshold data, to provide ternary provisional discrimi 
nation data Bk of (1,0,-1). The second ternary dis 
criminator 22 also discriminates the ISI free data Yk) 
Output from the computation circuit 16 by three-state 
threshold data to provide a semi-final discrimination 
data B'k of (1,0,-0). The ternary discriminators 21 
and 22 discriminate the values of (1, 0, -1) using --0.5 
as a threshold value. 
The first PR-IV decoder 23 issues an address {A} 

from the provisional discrimination data Ak for read 
ing out the necessary ISI data ISIA} from the ISI 
lookup table 14, and then the first PR-IV decoder 23 
decodes the provisional discrimination data Bk output 
from the first ternarydiscriminator 21 by the PR-IV 
method to provide the address {A} of (2n+2) bits. The 
Second PR-IV decoder 24 decodes the semi-final dis 
crimination data B'k' output from the second ter 
narydiscriminator 22 by the PRIV method to provide 
final discrimination data Ak' of 1 and 0. 
The ISI calculation circuit 18B reads the linearly 

equalized and delayed analog data Xk), the semi-final 
discrimination data B'k', and the final discrimination 
data Akl as the address A and calculates the ISI data 
ISIA) for the address {A}. 
For this example of application to the PR-IV method 

too, a combination of the methods of determination of 
the ISI data explained with reference to the above basic 
method of the first embodiment, the second embodi 
ment, and the third embodiment is possible. Further, 
even in a case of application to other than the PR-IV 
method, one may use the same decoder to convert the 
discrimination value to an address of the minimum nec 
essary number of bits. 
FIG. 11 shows the error rate when recording a 511 

cycle M series in an experimental digital VTR, perform 
ing analog-to-digital (AD) conversion of the source 
signal before equalization at a high speed and fetching it 
into a computer, equalizing to the PR-IV standard by a 
3 to 15 tap transversal filter, and comparing the discrim 
ination value with the recording data. The part shown 
as NLC in FIG. 6 is the result of the application of the 
reproduction equalizer 3 to the PR-IV method. The 
number of continuous bits of the source data applied to 
the linear equalizer 11 is about 20,000. The initial values 
of the ISI data are all made 0 and updated at M=64. 
Among them, the greatest improvement in the error 
rate is obtained in the case of use of the n=3 nonlinear 
canceler for a 7 tap transversal filter. The error rate is 
improved from 2.38X 10-3 to 2.46X 104, so the error 
is reduced to about (1/10). The greater the number of 
taps of the transversal filter, the smaller the equalization 
error, so the smaller the effect as well, but by using an 
n=3 linear canceler, the error is reduced to about (). 
A fifth embodiment of the present invention will be 

now described. 
FIG. 12 is a view showing the construction of a re 

production equalizer 4 of the present invention. The 
reproduction equalizer 4 includes the linear equalizer 
11, a first Viterbi decoder (VDC1)) 25, a nonlinear can 
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celer (NLC) 10 consisting of a delay line 28, an address 
generator 27, the ISI lookup table 14, and the computa 
tion circuit (subtractor) 16, and a second Viterbi de 
coder (VD(2)) 26. 
The first Viterbi decoder (VD) 25 decodes and per 

forms provisional discrimination based on the output 
data Xk of the linear equalizer 11 and outputs the 1 or 
2 binary provisional discrimination data Bk-m) and 
the state of the NRZI series corresponding to respective 
instants as the state 6k). The second Viterbi decoder 
(VD) 26 is a PR-IV Viterbi decoder which outputs a 1 
or 0 binary discrimination data B'k'-m) based on the 
ISI free data Yk after the subtraction of the ISI data 
ISI(k’) at the computation circuit 16. 
Below, the symbols shown by 6k), (3k-m), 

£3k-m-n-2), etc. indicate the state of a series corre 
sponding to PRIV, while m indicates the number of bits 
until the results of discrimination are finally decided by 
the first Viterbi decoder (VD) 25. 
The address generator 27 is an address generation 

circuit which gives a 2n bit combination of the provi 
sional discrimination data Bi(i=k-m-2n, ... k- m, 
provided, however, that i does not equal k-n) obtained 
from the first Viterbi decoder 25, the state 
(3k-m-n-1), and the state 6k-m-n-2 as the 
(2n+2) bit address {A} to the lookup table 14. The 
(n--m) stage delay line 28 is a delay circuit for delaying 
the linearly equalized data Xk) by (m+n) operation 
cycles and outputting the delayed data Xk. 
The portions of the reproduction equalizer 4 not 

explained here correspond to the portions of the repro 
duction equalizer 1 given the same references. 
Below, an explanation will be made of the operation 

of the reproduction equalizer 4. The first Viterbi de 
coder 25 provisionally discriminates the equalized data 
X(k) of the linear equalizer 11 and outputs the 1 or 0 
binary provisional discrimination data Bk-m) and the 
state of the NRZI corresponding to different instants as 
the state Dk). The address generator 27 outputs the 
(2n+2) bit address {A} consisting of a 2n bit combina 
tion of the provisional discrimination data Bill 
(i=k-m-2n, . . . . k-n, provided, however, that i 
does not equal (k-n)) output from the first Viterbi 
decoder 25, the state gk-m-n-1), and the state 
(3k-m-n-2), to the ISI lookup table 14. The lookup 
table 14 receiving the address {A} outputs the corre 
sponding ISI data ISIk' to the computation circuit 16. 
The (2n-1-m) stage delay line 28 delays the equalized 
reproduction data Xk by (m--n) operation cycles and 
inputs the delayed signal Xk to the computation cir 
cuit 16. Here, k'-k-n-m. The computation circuit 16 
subtracts the ISI data ISIk from the delayed data 
Xk and outputs the result Yk to the second Viterbi 
decoder 26. The second Viterbi decoder 26 decodes the 
data Yk and outputs the 1 or 0 binary discrimination 
data B'k)-m). 
The Viterbi decoders 25 and 26 and the address gen 

erator 27 used here will be explained in further detail 
here. In the NLCs mentioned in the first embodiment to 
the fourth embodiment, a PR-IV decoder is necessary 
for use for the PR-IV method. However, in this em 
bodiment, the outputs of the Viterbi decoders 25 and 26 
are already decoded, and the symbol (sign) when dis 
criminated to be 1 is used for decoding inside the 
Viterbi decoders 25 and 26 as the state of the NRZI of 
the even number series or the odd number series. Conse 
quently, by using these Viterbi decoders 25 and 26 for 
the determination of the address, it is possible to stream 
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line the circuit. The Viterbi decoders 25 and 26 use two 
NRZI decoding Viterbi decoders in parallel for the 
even number series and the odd number series, and 
therefore, these Viterbi decoders 25 and 26 function as 
Viterbi decoders for the PR-IV method. 5 

Here, the values of the states (3 are used, and these 
show the states of the series. With a usual Viterbi de 
coder, just the provisional discrimination data Bk-m) 
is output and the state 6 is used only internally, but in 
the Viterbi decoders 25 and 26 of the present invention, 10 
the state (3 of the NRZI series corresponding to the 
instant k is output as the state 6k). On the other hand, 
what is required as the address {A} at a certain instant 
k is the state of the series just before the provisional 
discrimination data Bk-m-n is finally decided. 15 
Therefore, the address generator 27 is comprised of an 
(m--n-1) stage register for delaying the state 6k) by 
(m--n-1) operation cycles and a 2n stage register for 
storing the provisional discrimination data Bk-m). 
The state 6k-m-n-1), the state 6k-m-n-2), and 20 
the provisional discrimination data Bi (i=k-m-2n, . 
. . , k-m, provided, however, that i does not equal 
(k-n)) are combined to produce the address {A}. 
A sixth embodiment of the present invention will be 

next described. 25 
FIG. 13 is a view showing the construction of a re 

production equalizer 5 of the present invention. The 
reproduction equalizer 5 is comprised of the reproduc 
tion equalizer 4 shown in FIG. 12 plus an ISI calcula 
tion circuit 18C. 30 
The ISI calculation circuit 18C reads the linearly 

equalized and delayed data Xk output from the 
(2n-1-m) stage delay line 28 and the final discrimination 
data B'k'-m) and the status (3k' output from the 
second Viterbi decoder 26, delays them by an internal 35 
delay to produce delayed data Xk'-n-m), delayed 
state 6k-m-n-1), delayed state (3k'-m-n-2, 
and delayed discrimination data B'i (i=k-m-2n, . . . 
, k-m). Thereafter, the ISI calculation circuit 18C uses 
them to calculate the ISI data and updates the calcu- 40 
lated ISI data on the ISI lookup table 14 at a suitable 
time. The ISI calculation circuit 18 used may be any one 
of the ISI calculation circuits 18, 18A, and 18B ex 
plained with reference to the above embodiments. 
Other portions of the reproduction equalizer 5 are the 45 

same as the portions of the reproduction equalizer given 
the same references. 
By using the construction of the reproduction equal 

izer 5 shown in FIG. 13, it is possible to realize a bit 
discriminator which does not require manual setting of 50 
the ISI data ISI(k) to the ISI lookup table 14. Note 
that in this case, it is necessary to calculate the RAM 
address as the ISI lookup table 14 inside the ISI calcula 
tion circuit 18C, so the state gk") is produced from the 
Second Viterbi decoder 26. 55 
A seventh embodiment of the present invention will 

be next described. 
FIG. 14 is a view showing the construction of a re 

production equalizer 6 of the present invention. 
The reproduction equalizer 6 includes the linear 60 

equalizer 11, the first Viterbi decoder 25, a plurality of 
unit circuits 9A to 9C connected in series, and an ISI 
calculation circuit 18D. 
As shown in FIG. 15, each unit circuit 9 includes the 

(n--m) stage delay line 28, the address generator 27, the 65 
ISI lookup table 14, the computation circuit (sub 
tractor) 16, and the second Viterbi decoder 26. The 
(n-1-m) stage delay line 28, the address generator 27, the 

24 
ISI lookup table 14, and the computation circuit 16 
form a nonlinear canceler (NLC), and thus, each unit 
circuit 9 is comprised of the NLC and the second 
Viterbi decoder 26. 
The (n-1-m) stage delay line 28 in the first unit circuit 

9A receives the linearly equalized data Xk) from the 
linear equalizer 11, delays the same by the (n+m) unit 
times and applies the delayed linearly equalized data 
X(k0) to the (n--m) stage delay line 28 in the second 
unit circuit 9B. Also, the address generator 27 in the 
first unit circuit 9A receives the decoded data Bk-m 
and the state (3k) from the first Viterbi decoder 25 and 
generates the address (A0) of (2n+2) bits for reading 
the ISI data ISIk(i) from the ISI lookup table 14. The 
second Viterbi decoder 26 in the first unit circuit 9A 
outputs the decoded data B'k0-m) and the data (3k0) 
to the address generator 27 in the second unit circuit 9B. 
The second Viterbi decoder 26 in the last stage unit 
circuit 9C outputs the final discrimination data 
B'k(N)-m) and the state g(k(N). The last delayed 
equalized data X(k(N), the last final discrimination data 
B'k(N)-m), and the last state 6k(N)), output from the 
last stage unit circuit 9C, are input to the ISI calculation 
circuit 18D. The ISI calculation circuit 18D calculates 
the ISI data on the basis of the data Xk(N) and 
B'k(N)-m) and the state 6k(N)) and updates the ISI 
data in the ISI lookup tables 14 in the unit circuits 9A to 
9.C. 
The signal shown by Xk0) indicates the data passing 

through the (n-1-m) stage delay line 28jtimes, and the 
signal shown by B'k(N) indicates the results of discrim 
ination by the N number of unit circuits (NLC--VD) 9. 

In the reproduction equalizer 6, the XIk-j(n+M) 
obtained by delaying the equalized reproduction data 
after linear equalization and the discrimination data 
B'k-j(n--m)-m) obtained by the j-th stage second 
Viterbi decoder 26 are transferred to the next stage. 
That is, the reproduction equalizer 6 functions as a 
PR-IV bit discriminator consisting of the first Viterbi 
decoder 25, a plurality of unit circuits 9A to 9D con 
nected together, and the ISI calculation circuit 18. 

In the reproduction equalizer 6, by reading out the 
ISI data by the higher reliability provisional discrimina 
tion data and subtracting the same from the equalized 
reproduction data, it is possible to further improve the 
error rate over the reproduction equalizer 4 and the 
reproduction equalizer 5. Further, since the ISI data is 
produced based on the final discrimination data, the 
reliability of the data itself becomes higher than even 
the reproduction equalizer 5. Note that the upper limit 
of the error rate is defined by the S/N of the source data 
after equalization, so it does not mean that the error rate 
can be continuously improved by increasing the number 
of the unit circuits 9A to 9D. If the number of the unit 
circuits is increased, 
(B'k-j(n-m)-m=B'k-(j-- 1)(n-n)-m) will 
result and saturation will occur. Therefore, it is suffi 
cient if two to three of the above-mentioned unit cir 
cuits are used. 
FIG. 16 is a graph showing the error rate when re 

cording a 511 cycle M series in an experimental digital 
VTR, performing AD conversion of the source data 
before equalization at a high speed and fetching it into a 
computer, equalizing to the PR-IV standard by a 3 to 15 
tap transversal filter, and comparing the discrimination 
value with the recording data. There are approximately 
2000 bits of continuous source data read from the mag 
netic tape, for example. This corresponds to one track 
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of an experimental digital VTR. As the NLC, use is 
made of one with n=3. The initial values of the ISI data 
are all made 0 and are automatically updated along with 
the progress in the discrimination. In FIG - 16, “TD’ 
shows the results of the threshold detection. The results 
of the use of the bit discriminator corresponding to the 
reproduction equalizer 5 are shown by 
VD-NLC->VD. The greater improvement in the 
error rate among these is in the case of the use of the 
present invention for a 7 tap transversal filter. Com 
pared with 1/100 of the TD, a single VD, and an NLC, 
the error rate is reduced to about 1/10. 
As described above with reference to FIG. 8, the 

monitoring means 30 for monitoring the envelope of the 
linearly equalized data Xk can be provided in the 
reproduction equalizers 3, 5 and 6 shown in FIGS. 9, 13, 
and 14. The ISI calculation circuit 18B in FIG. 9 reads 
the ternary discrimination data Bk and B'k) from the 
first and second ternary discriminators 21 and 22, the 
addresses {A} and {A} from the first and second 
PR-IV decoders 23 and 24, and the linearized and de 
layed data Xk' from the delay unit 15, selects the data 
Bk) and the address {A} when the data Xk) is not 
defective or the data B'k) and the address {A} when 
the data Xk is defective, and calculates and updates 
the ISI data for the ISI lookup table 14. Also, the ISI 
calculation circuit 18C in FIG. 13 reads the Viterbi 
decoded data and state Bk and 6k), and B'k and 
f3k" from the first and second Viterbi decoders 25 and 
26, and the linearized and delayed data Xk" from the 
delay unit 15, selects the data B(k) and the state 6k) 
when the data Xk is not defective or the data B'k and 
the state 6k' when the data Xk is defective, and 
calculates and updates the ISI data for the ISI lookup 
table 14. Further, the ISI calculation circuit 18D in 
FIG. 14 reads the Viterbi decoded data and state 
Bk-m) and (3k), and, B'k(N)-m) and gk(N)) from 
the first Viter decoder 25 and the last stage unit circuit 
9C, and the linearized and delayed data Xk from the 
last stage unit circuit 9C, selects the data Bk-m) and 
the state 6k when the data Xk is not defective or the 
data B'k(N)-m) and the state (3k(N) when the data 
Xk is defective, and calculates and updates the ISI 
data for the ISI lookup table 14. 

In the above embodiments, reproduction equalizers 
including nonlinear cancelers for canceling the inter 
symbol interference were described with reference to 
application to digital VTRs, but clearly the reproduc 
tion equalizers, described as examples of a signal pro 
cessing system including an ISI lookup type nonlinear 
cancellation means of the present invention, cannot be 
limited to application for digital VTRs, in other words, 
can be applied to a variety of digital signal reproduction 
systems. Also, the recording medium is not limited to 
magnetic tape and can be magnetic recording disks, 
optical recording disks, optical-magnetic recording 
disks, etc. 
As described above with reference to FIGS. 11 and 

16, the AD converter can be provided at a stage preced 
ing the linear equalizer 11. In this case, all circuits in the 
reproduction equalizers 2 to 6 perform digital signal 
processing. Preferably, the linear equalizer 11 can be 
formed by a transversal filter consisting of a plurality of 
unit time delaying elements, a plurality of coefficient 
multipliers, and an adder. 
As explained above, according to the present inven 

tion, it is possible to provide a signal processing system 
including a nonlinear cancellation means of the table 
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lookup type, in which nonlinear cancellation means 
there is no need for adjustment from the outside, includ 
ing initialization, consideration can be made of suffi 
ciently long preceding and succeeding bits, changes and 
variations in the magnetic tape and head in the digital 
VTR can be compensated for, the error included in the 
provisional discrimination values can be reduced. Also, 
there is little propagation of error when error is in 
cluded in the provisional discrimination values, the 
intersymbol interference is reduced, the correlation of 
noise is reduced, and it is possible to promote effective 
utilization of the signal power. Further, the system can 
be realized by a simple circuit construction, and an 
excellent error rate can be obtained. 
Many widely different embodiments of the present 

invention may be constructed without departing from 
the spirit and scope of the present invention, and it 
should be understood that the present invention is not 
restricted to the specific embodiments described above. 
What is claim is: 
1. A signal processing system, comprising: 
linear equalization means for linearly equalizing an 

input continuous source signal and outputting a 
linearly equalized signal therefrom; 

nonlinear cancellation means including memory 
means which stores intersymbol interference 
among bits of digital data from reproduction of a 
reference source signal as a predetermined plural 
ity of intersymbol interference data, address pro 
ducing means comprised of first ternary discrimi 
nation means which discriminates by ternary said 
linearly equalized signal output by said linear 
equalization means and partial response class IV 
decoding means which decodes a ternary discrimi 
nated signal output by said first ternary discrimina 
tion means in accordance with partial response 
class IV rules to produce an address for reading out 
intersymbol interference data stored in said mem 
ory means, timing adjustment means which delays 
said linearly equalized signal by a delay time ex 
actly until said address is produced by said address 
producing means, and subtraction means which 
subtracts from a delayed linearly equalized signal 
adjusted in timing by said timing adjustment means 
intersymbol interference data read out from said 
memory means using said address produced by said 
address producing means, for cancelling interSym 
bol interference in said linearly equalized signal by 
using said intersymbol interference data at said 
address of said memory means; 

decoding means including second ternary discrimina 
tion means which discriminates by ternary values 
data output by said subtraction means and second 
partial response class IV decoding means which 
decodes ternary discriminated data output by said 
second ternary discrimination means in accordance 
with said partial response class IV rules to produce 
decoded time series digital data corresponding to 
said input source signal; 

means for monitoring fluctuations of said linearly 
equalized signal; and 

intersymbol interference data updating means for 
producing new intersymbol interference databased 
on a difference between said delayed linearly 
equalized signal and said ternary discriminated data 
output by said second ternary discrimination 
means, and updating intersymbol interference data 
stored in said memory means at an update address 
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designated by said digital decoded data output by 
Said second partial response class IV decoding 
means by using said produced new intersymbol 
interference data. 

2. A signal processing system as set forth in claim 1, 
wherein said timing adjustment means includes a delay 
circuit which delays said linearly equalized signal by 
exactly n unit times, and 

Said address produced by said address producing 
means is 2n-2 bits. 

3. A signal processing system comprising: 
linear equalization means for linearly equalizing an 

input continuous source signal and outputting a 
linearly equalized signal therefrom; 

nonlinear cancellation means including memory 
means which stores intersymbol interference 
among bits of digital data from reproduction of a 
reference source signal as a predetermined plural 
ity of intersymbol interference data, first decoding 
means which determines from past values of said 
times Series linearly equalized signal a most likely 
first digital signal and a state thereof, address pro 
ducing means comprised of address generating 
means which produces an address for said memory 
means based on said first digital signal and said 
State thereof, timing adjustment means which de 
lays said linearly equalized signal by a delay time 
exactly until said address is produced by said ad 
dress producing means, and subtraction means 
which subtracts from a delayed linearly equalized 
signal adjusted in timing by said timing adjustment 
means intersymbol interference data read out from 
said memory means using the address produced by 
said address producing means, for cancelling inter 
Symbol interference in said linearly equalized signal 
by using said intersymbol interference data at said 
address of said memory means; 

Second decoding means for determining from past 
values of said subtraction results a most likely sec 
ond digital signal and a second state to produce 
decoded time series digital data corresponding to 
said input source signal; 

means for monitoring fluctuations of said linearly 
equalized signal; and 

intersymbol interference data updating means for 
producing new intersymbol interference databased 
on a difference between said timing adjusted de 
layed linearly equalized signal and second decoded 
state output from said second decoding means, and 
updating intersymbol interference data stored in 
said memory means at an address designated by 
said decoded digital data from said second decod 
ing means by using said produced new intersymbol 
interference data. 

4. A signal processing system as set forth in claim 3, 
wherein said first decoding means comprises first 
Viterbi decoding means, said second decoding means 
comprises second Viterbi decoding means, and decod 
ing operation of said first Viterbi decoding means and 
Said second Viterbi decoding means each expends m 
units of time. 

5. A signal processing system as set forth in claim 4, 
wherein said timing adjustment means comprises a 
delay circuit which delays said linearly equalized signal 
by exactly n-m unit times, and 

said address produced by said address generating 
means is 2n-2 bits. 

6. A signal processing system comprising: 

28 
linear equalization means for linearly equalizing an 

input continuous source signal and outputting a 
linearly equalized signal therefrom; 

nonlinear cancellation means including memory 
5 means which stores intersymbol interference 

among bits of digital data from reproduction of a 
reference source signal as a predetermined plural 
ity of intersymbol interference data, address pro 
ducing means including first binary value discrimi 

10 nation means which discriminates by binary values 
said linearly equalized signal output by said linear 
equalization means and first delay means which 
delays a discriminated signal generated by said first 
binary value discrimination means by a predeter 

15 mined time to produce an address for said memory 
means, timing adjustment means for delaying said 
linearly equalized signal by exactly a time until said 
address is produced by said address producing 
means, and subtraction means which subtracts 

2O from said delayed linearly equalized signal adjusted 
in timing by said timing adjustment means inter 
symbol interference data read out from said mem 
ory means using said address produced by Said 
address producing means, for cancelling intersym 

25 bol interference in said linearly equalized signal by 
using said intersymbol interference data at said 
address of said memory means; 

decoding means including second binary value dis 
crimination means which discriminates by binary 

30 values data output by said subtraction means and 
produces decoded binary value discriminated digi 
tal data corresponding to said input source signals; 

means for monitoring fluctuations of said linearly 
equalized signal; and 

35 intersymbol interference data updating means for 
producing new intersymbol interference databased 
on a difference between said delayed linearly 
equalized signal output by said timing adjustment 
means and a target value, and using said produced 

40 new intersymbol interference data for updating 
intersymbol interference data stored in said mem 
ory means at said address produced by said address 
producing means in said nonlinear cancellation 
means when said fluctuations of said linearly equal 

45 ized signal monitored by said monitoring means are 
more than a predetermined value, or at an address 
designated by said decoded binary value discrimi 
nated data output by said second binary value dis 
crimination means when said fluctuations in said 

50 linearly equalized signal monitored by said moni 
toring means are below said predetermined value, 

wherein said memory means in said nonlinear cancel 
lation means and said intersymbol interference data 
updating means are comprised of single writable 

55 and readable memory means and program compu 
tation means, 

said writable and readable memory means functions 
as temporary storage means of said memory means 
storing intersymbol interference data for said non 

60 linear cancellation means and said intersymbol 
interference data updating means, and 

said program computation means initializes said plu 
rality of intersymbol interference data in said writ 
able and readable memory means and provisional 

65 intersymbol interference data at an initiation stage 
of said signal processing system, uses said decoded 
binary value discriminated data as an address for 
said writable and readable memory means each 
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time said binary value discriminated decoded data 
is produced by said second binary value discrimina 
tion means, calculates said difference between said 
delayed linearly equalized signal and said target 
value for said address, and adds said difference to 
said provisional intersymbol interference data to 
update said provisional intersymbol interference 
data, and after updating said provisional intersym 
bol interference data by exactly a predetermined 
number of times for said address, uses a sum of a 
value obtained by dividing said intersymbol inter 
ference data at said address in said writable and 
readable memory means by a first coefficient and a 
second value obtained by dividing said provisional 
intersymbol interference data by a second coeffici 
ent as said new intersymbol interference data and 
stores same at said address in said writable and 
readable memory means. 

7. A signal processing system as set forth in claim 6, 
wherein after said intersymbol interference data is up 
dated for all addresses, said nonlinear cancellation 
means is validated, and said signal processing system is 
made to operate. 

8. A signal processing system as set forth in claim 7, 
wherein after said signal processing system is made to 
operate, each time said decoded binary value discrimi 
nated data is produced in said second binary value dis 
crimination means, said difference between said delayed 
linearly equalized signal and said target value is calcu 
lated, said decoded binary value discriminated data is 
used as said address of said writable and readable mem 
ory means, and said difference is added to said provi 
sional intersymbol interference data stored in said writ 
able and readable memory means at said address to 
update said provisional intersymbol interference data, 
and 

wherein after said provisional intersymbol interfer 
ence data is updated said predetermined number of 
times, a second sum of a second value obtained by 
dividing said intersymbol interference data by a 
third coefficient and a fourth value obtained by 
dividing said provisional intersymbol interference 
data by a fourth coefficient is used as said new 
interference data, and said writable and readable 
memory means is updated at said address with said 
new interference data. 

9. A signal processing system comprising: 
linear equalization means for linearly equalizing an 

input continuous source signal and outputting a 
linearly equalized signal therefrom; 

nonlinear cancellation means including memory 
means which stores intersymbol interference 
among bits of digital data from reproduction of a 
reference source signal as a predetermined plural 
ity of intersymbol interference data, address pro 
ducing Ineans including first binary value discrimi 
nation means which discriminates by binary values 
said linearly equalized signal output by said linear 
equalization means and first delay means which 
delays a discriminated signal generated by said first 
binary value discrimination means by a predeter 
mined time to produce an address for said memory 
means, timing adjustment means for delaying said 
linearly equalized signal by exactly a time until said 
address is produced by said address producing 
means, and subtraction means which subtracts 
from said delayed linearly equalized signal adjusted 
in timing by said timing adjustment means inter 
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symbol interference data read out from said men 
ory means using said address produced by said 
address producing means, for cancelling interSyn 
bol interference in said linearly equalized signal by 
using said intersymbol interference data at said 
address of said memory means; 

decoding means including second binary value dis 
crimination means which discriminates by binary 
values data output by said subtraction means and 
produces decoded binary value discriminated digi 
tal data corresponding to said input source signals;. 

means for monitoring fluctuations of said linearly 
equalized signal; and 

intersymbol interference data updating means for 
producing new intersymbol interference databased 
on a difference between said delayed linearly 
equalized signal output by said timing adjustment 
means and a target value, and using said produced 
new intersymbol interference data for updating 
intersymbol interference data stored in said men 
ory means at said address produced by said address 
producing means in said nonlinear cancellation 
means when said fluctuations of said linearly equal 
ized signal monitored by said monitoring means are 
more than a predetermined value, or at an update 
address designated by said decoded binary value 
discriminated data output by said second binary 
value discrimination means when said fluctuations 
in said linearly equalized signal monitored by said 
monitoring means are below said predetermined 
value, 

wherein said memory means in said nonlinear cancel 
lation means and said intersymbol interference data 
updating means are comprised of first and second 
parallel operable writable and readable memory 
means which respectively store said intersymbol 
interference data designated by odd addresses and 
said intersymbol interference data designated by 
even addresses, and program computation means, 

said first and second writable and readable memory 
means function as said memory means for storing 
said intersymbol interference data in said nonlinear 
cancellation means and as temporary storage 
means for said intersymbol interference data updat 
ing means, 

said program computation means initializes interSyn 
bol interference data in said writable and readable 
memory means and corresponding provisional in 
tersymbol interference data at an initiation stage of 
said signal processing system, uses said decoded 
binary value discriminated data as said update ad 
dress for said writable and readable memory means 
each time said decoded binary value discriminated 
data is produced by said second binary value dis 
crimination means, calculates said difference be 
tween said delayed linearly equalized signal and 
said target value and uses said difference as said 
address for said first writable and readable memory 
means when the address is odd and for said second 
writable and readable memory means when said 
address is even, and adds said difference to said 
provisional intersymbol interference data to update 
said provisional intersymbol interference data, and 
after updating said provisional intersymbol inter 
ference data by exactly a predetermined number of 
times for said address, uses a sum of a value ob 
tained by dividing said intersymbol interference 
data by a first coefficient and a second value ob 
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tained by dividing said provisional intersymbol 
interference data by a second coefficient as said 
new intersymbol interference data, and stores said 
new intersymbol interference data at said address 
of said writable and readable memory means. 

10. A signal processing system as set forth in claim 9, 
wherein after said intersymbol interference data are 
updated for all addresses, said nonlinear cancellation 
means is validated and said signal processing system is 
made to operate, and 
wherein said nonlinear cancellation means reads out a 

corresponding pair of intersymbol interference 
data from said first and second writable and read 
able memory means for an address and uses said 
pair of intersymbol interference data obtained by 
averaging said pair of intersymbol interference 
data to cancel intersymbol interference in said lin 
early equalized signal. 

11. A signal processing system as set forth in claim 10, 
wherein after said signal processing system is made to 
operate, each time said decoded binary value discrimi 
nated data is produced by said second binary value 
discrimination means, said decoded binary value dis 
criminated data is used as an address, said difference 
between said delayed linearly equalized signal and said 
target value is calculated for said address for said first 
Writable and readable memory means when said address 
is odd and for said second writable and readable mem 
Ory means when said address is even, said difference is 
added to said provisional intersymbol interference data, 
and said provisional intersymbol interference data is 
replaced by a result of said adding operation, and 
wherein after said provisional intersymbol interfer 
ence data is updated a predetermined second num 
ber of times, a second sum of a third value obtained 
by dividing said intersymbol interference data by a 
third coefficient and a fourth value obtained by 
dividing said provisional intersymbol interference 
data by a fourth coefficient is used as said new 
intersymbol interference data, and said first and 
Second writable and readable memory means is 
updated in accordance with if said address is odd or 
eWe, 

12. A signal processing system comprising: 
a linear equalization means for linearly equalizing an 

input continuous source signal; 
a nonlinear cancellation means, having a memory 
means which stores intersymbol interference 
among bits in the case of reproduction of a refer 
ence source signal to a digital signal as a predeter 
mined plurality of intersymbol interference data, 
and a first decoding means which determines from 
the trends of the signal linearly equalized by said 
linear equalization means the most likely first digi 
tal signal and its state, and having a means which 
produces an address for reading out intersymbol 
interference data stored in said memory means, for 
cancelling the intersymbol interference included in 
the signal linearly equalized in said linear equaliza 
tion means using said intersymbol interference 
data; and 

a second decoding means for determining the most 
likely second digital signal and a second state, from 
the time trends in the output data of said nonlinear 
cancellation means, and outputting said second 
digital signal as the reproduced discriminated sig 
nal. 
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13. A signal processing system as set forth in claim 12, 

wherein said first decoding means comprises a Viterbi 
decoding means, and 

said second decoding means comprises a Viterbide 
coding means. 

14. A signal processing system as set forth in claim 13, 
wherein it further comprises an intersymbol interfer 
ence data updating means for producing new interSyn 
bol interference data on the basis of at least said linearly 
equalized signal, and updating the corresponding inter 
symbol interference data of said memory means by said 
produced intersymbol interference data by using said 
decoded digital data as an address, and 

wherein said intersymbol interference data updating 
means for producing new intersymbol interference 
data based on the difference between said linearly 
equalized signal and the Viterbi decoded state from 
said second Viterbi decoding means, and updating 
the intersymbol interference in the memory means 
in the nonlinear cancellation means by said pro 
duced intersymbol interference data on the basis of 
the digital decoded signal from said second Viterbi 
decoding means as the address. 

15. A signal processing system as set forth in claim 14, 
wherein said nonlinear cancellation means and said 
second Viterbi decoding means, each comprising a plu 
rality of unit circuit means including 
an address generating means, 
a memory means which stores said intersymbol inter 

ference data, 
a timing adjustment means which delays said linearly 

equalized signal by exactly a time until the address 
is produced, 

a subtraction means which subtracts from the delayed 
linearly equalized signal output from said timing 
adjustment means the intersymbol interference 
data read out from said memory means, and 

a Viterbi decoding means which Viterbi decodes the 
output data of said subtraction means, 

wherein said address means in the first stage of said 
unit circuit means uses the output data of said first 
Viterbi decoding means to generate the address, 

wherein the output data of said Viterbi decoding 
means in a certain stage of said unit circuit means is 
applied as input data ok the address generating 
means in the next stage of the unit circuit means, 

wherein the output data of the said timing adjustment 
means in a certain stage of said unit circuit means is 
applied as input data of said timing adjustment 
means in the next stage of unit circuit, 

wherein the Viterbi decoding means in the last stage 
of the unit circuit means functions as the second 
Viterbi decoding means, and 

wherein said intersymbol interference data updating 
means updates the intersymbol interference data 
stored in the memory means in the plurality of unit 
circuit means. 

16. A signal processing system comprising: 
a linear equalization means for linearly equalizing an 

input continuous signal, and outputting time series 
linearly equalized signal; 

an intersymbol interference data holding means hav 
ing a memory which stores intersymbol interfer 
ence among bits in the case of a reproduction of 
reference source signal as a predetermined plural 
ity of intersymbol interference data; 
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a first ternary discrimination means for discriminating 
the ternary values of said linearly equalized signal 
and producing a first discrimination result; 

a first partial response class IV decoding means for 

18. A signal processing system as set forth in claim 17, 

34 
dress designated by said digital data reproduced by 
said second partial response class IV decoding 
means if said fluctuations of said linearly equalized 
signal monitored by said monitoring means are less 

decoding the discriminated value of said ternary 5 than a predetermined value. 
discrimination means by the partial response class 20. A signal processing method, comprising the steps 
IV method, and producing an address for reading 
out the intersymbol interference data stored in said storing in memory means intersymbol interference 
intersymbol interference data holding means; among bits of digital data from reproduction of a 

a delay means for delaying said linearly equalized 10 reference source signal as a predetermined plural 
signal by a predetermined time and producing a ity of intersymbol interference data; 
delayed linearly equalized signal; linearly equalizing an input continuous source signal; 

a subtraction means for subtracting from said delayed cancelling intersymbol interference included in said 
linearly equalized signal said intersymbol interfer- linearly equalized signal including a first ternary 
ence data read out from said intersymbol interfer- 15 discrimination step of discriminating by ternary 
ence data holding means; values said linearly equalized signal, a partial re 

a second ternary discrimination means for discrimi- sponse class IV decoding step of decoding a first 
nating the ternary values of said subtraction results; discriminated signal produced by said first ternary 

a second partial response class IV decoding means for discrimination step in accordance with partial re 
decoding-said ternary discriminated values by the 20 sponse class IV standard to produce a read address 
partial response class IV method, and reproducing for said memory means, a timing adjustment step of 
a digital signal; and delaying said linearly equalized signal exactly until 

an intersymbol interference data updating means for said read address is produced, and a first subtrac 
producing new intersymbol interference data by tion step of subtracting from said delayed linearly 
using said delayed linearly equalized signal and the 25 equalized signal adjusted in timing interSymbol 
target value, and updating the intersymbol interfer- interference data read out from said memory means 
ence data held in said intersymbol interference data using said read address; 
holding means using said produced intersymbol decoding data from said cancelling step including a 
interference data, by an address which is the output second ternary discrimination step of discriminat 
data of said second partial response class IV decod- 30 ing by ternary values a signal produced by said first 
ing means. subtraction step, and a second partial response class 

17. A signal processing system as set forth in claim 16, IV decoding step of decoding a second discrimi 
wherein said intersymbol interference data updating nated signal produced by said second ternary dis 
means, for each of said intersymbol interference data, crimination step in accordance with the partial 

subtracts said delayed linearly equalized signal from 35 response class IV standard to produce said de 
the target value until a predetermined number is coded digital data; and 
reached and adds the result to provisional inter- producing new intersymbol interference data includ 
Symbol interference data, and ing a second subtraction step for calculating a dif 

when the predetermined number is reached, adds the ference between said delayed linearly equalized 
value obtained by multiplying a first coefficient 40 signal and said second discriminated signal, and a 
with said intersymbol interference data and a value step of using as an update address said decoded 
obtained by multiplying a second coefficient with digital data produced by said second partial re 
said provisional intersymbol interference data, and sponse class IV decoding and updating said inter 
updates using the same as the new intersymbol symbol interference data in said memory means at 
interference data. 45 said update address using said produced new inter 

symbol interference data. 
wherein at the stage of the initial operation of said signal 21. A signal processing method, comprising the steps 
processing system, the initial value of said provisional of: 
intersymbol interference data is 0, and - storing in memory means intersymbol interference 
wherein said intersymbol interference data updating 50 among bits of digital data from reproduction of a 
means updates using said produced intersymbol reference source signal as a predetermined plural 
interference data as the intersymbol interference ity of intersymbol interference data; 
data. linearly equalizing an input continuous source signal; 

19. A signal processing system as set in claim 16, cancelling intersymbol interference in said linearly 
further comprising means for monitoring fluctuations of 55 equalized signal including a first decoding step of 
said linearly equalized signal, determining from trends in said linearly equalized 
wherein said linear equalization means comprises signal a most likely first digital signal and a corre 

analog-digital conversion means for converting the sponding first state, an address producing step of 
input source signal to a digital signal and a trans- producing a read address based on said first de 
versal filter which linearly equalizes said digitally 60 coded digital signal and said first state, a timing 
converted source signal, and adjustment step of delaying said linearly equalized 

wherein said intersymbol interference data updating signal exactly until said read address is produced, 
means updates said intersymbol interference data and a first subtraction step of subtracting from said 
stored in said memory means at said address pro- delayed linearly equalized signal adjusted in timing 
duced by said first partial response class IV decod- 65 intersymbol interference data read out from said 
ing means if said fluctuations of said linearly equal- memory means using said read address; 
ized signal monitored by said monitoring means are decoding data from said cancelling step and thereby 
greater than a predetermined value, or at said ad- generating decoded time series digital data corre 
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sponding to said input source signal including a 
second decoding step of determining from trends in 
a signal produced by said first subtraction step a 
most likely second digital signal and a second state 
for producing said decoded time series digital data; 
and 

producing new intersymbol interference data includ 
ing a second subtraction step for calculating a dif 
ference between said delayed linearly equalized 

36 
calculating said difference between said delayed 
linearly equalized signal and said target value, 

a step of using said decoded digital data as a provi 
sional address and adding said difference to said 
provisional intersymbol interference data stored in 
said memory means at said provisional address to 
update said provisional intersymbol interference 
data in said memory means at said provisional ad 
dress, and 

a step, after said provisional intersymbol interference 
data is updated a predetermined number of times, 
of using a second sum of a third value obtained by 
dividing said intersymbol interference data by a 
third coefficient and a fourth value obtained by 

15 dividing said provisional intersymbol interference 
data by a fourth coefficient as said new intersymbol 
interference data and updating said intersymbol 
interference data at said provisional address of said 
memory means. 

signal and said second digital signal and said second 10 
state, and wherein said intersymbol interference 
data updating step includes a step of using as an 
update address said digital decoded data decoded 
in said second decoding step and updating said 
intersymbol interference data in said memory 
means at said update address using said produced 
new intersymbol interference data. 

22. A signal processing method as set forth in claim 
21, wherein said first decoding step performs Viterbi decoding, and 20 26. A signal processing method, comprising the steps 
wherein said second decoding step performs Viterbi of: - 

decoding. storing in a memory means intersymbol interference 
23. A signal processing method, comprising the steps among bits in the case of reproduction of a refer 

ence source signal to a digital signal as a predeter 
25 mined plurality of intersymbol interference data; 

linearly equalizing an input continuous source signal; 
first decoding of determining from the trends of the 

linearly equalized signal the most likely first digital 
signal and its state; 

producing the address for reading out intersymbol 
interference data stored in said memory means 
from said first decoded data; 

cancelling the intersymbol interference included in 
the linearly equalized signal in said linear equaliza 
tion means using said intersymbol interference 
data; and 

second decoding of determining from the time trends 
of the cancelled output data the most likely second 
digital signal and its second state and outputting 
said second digital signal as the reproduced dis 
criminated signal. 

27. A signal processing method as set forth in claim 
26, wherein said first decoding step performs Viterbi 
decoding, and 

wherein said second decoding step performs Viterbi 
decoding. 

28. A signal processing method as set forth in claim 
27, wherein said cancellation step and said second 
Viterbi decoding step perform continuously several 
times the set of 
an address generating step, 
a timing adjustment step of delaying said linearly 

of: 
storing in memory means intersymbol interference 
among bits of digital data from reproduction of a 
reference source signal as a predetermined plural 
ity of intersymbol interference data; 

linearly equalizing an input continuous source signal; 30 
cancelling intersymbol interference included in said 

linearly equalized signal using said intersymbol 
interference data stored in said memory means; 

decoding data from said cancelling step and thereby 
generating decoded time series digital data corre-3s 
sponding to said input source signal; and 

producing new intersymbol interference data using at 
least said linearly equalized signal including the 
steps of initializing said intersymbol interference 
data and provisional intersymbol interference data 
at an initiation stage, using said decoded digital 
data as a provisional address for said memory 
means each time said decoded data is produced, 
calculating a difference between said delayed lin 
early equalized signal and a target value for each 45 
said provisional address, and adding said difference 
to said provisional intersymbol interference data in 
said memory means at said provisional address to 
update said provisional intersymbol interference 
data, and updating said provisional intersymbol 50 
interference data by exactly a predetermined num 
ber of times for said provisional address, then using 
a sum of a value obtained by dividing said inter 
symbol interference data by a first coefficient and a 
second value obtained by dividing said provisional 
intersymbol interference data by a second coeffici 
ent as said new intersymbol interference data, and 
storing said new intersymbol interference data at 
said provisional address for said memory means. 

55 

equalized signal by exactly a time until the address 
is produced, 

a subtraction step of subtracting from the timing ad 
justed delayed linearly equalized signal the inter 
symbol interference data read out from said mem 
ory means using the generated address, and 

a Viterbi decoding step of Viterbi decoding the out 
24. A signal processing method as set forth in claim 60 

23, further comprising a step, after said intersymbol 
interference data are updated for all address, of validat 
ing said cancellation step and making signal processing 
substantially operate. 

25. A signal processing method as set forth in claim 65 
24, wherein it further comprises 

a step, after said signal processing is made to operate, 
each time said decoded digital data is produced, of 

put value of said subtraction step, and 
wherein said intersymbol interference data updating 

step updates the intersymbol interference data at 
the above plurality of steps. 

29. A signal processing method as set forth in claim 
27, wherein it comprises an analog-digital conversion 
step of converting the input continuous source signal to 
a digital signal before the said linear equalization step, 
and 
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wherein said linear equalization step performs trans 
versal filtering for linearly equalizing said digitally 
converted source signal. 

30. A signal processing method as set forth in claim 
29, wherein said input source signal is a signal obtained 
by reading out a video signal recorded on a recording 
medium upon which dynamic reading is performed. 

31. A signal processing method, comprising the steps 
of: 

linearly equalizing an input continuous analog signal, 
using a plurality of intersymbol interference data 

defined by intersymbol interference among bits in 
the case of reproduction of a reference source sig 
nal to a digital signal to cancel the intersymbol 
interference included in said linearly equalized 
signal, 

reproducing said cancelled linearly equalized signal 
to the digital data corresponding to said input 
Source signal, and 

using said linearly equalized signal to produce new 
intersymbol interference data, and updating the 
said intersymbol interference data 

32. A signal processing method, comprising the steps 
of: 
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38 
linearly equalizing an input continuous analog signal; 
using a plurality of intersymbol interference data 

defined by intersymbol interference among bits of 
digital data from reproduction of a reference 
source signal to cancel intersymbol interference 
included in a linearly equalized Signal produced by 
said linear equalization step; 

reproducing digital data corresponding to said input 
source signal using a signal produced by said can 
cellation steps; and 

using said linearly equalized signal to produce new 
intersymbol interference data, and updating said 
plurality of intersymbol interference data including 
the steps of accumulating a difference between said 
linearly equalized signal and a target value until a 
predetermined number of times is reached, and 
when the predetermined number of times is 
reached, multiplying a first coefficient with said 
intersymbol interference data, multiplying a second 
coefficient with a cumulative value produced by 
said accumulation step, adding products of the 
respective multiplications, and using a sum of the 
addition as said new intersymbol interference data. 
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